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THE POWER SITUATION DURING THE WAR. 



War Depabtmext, 
Office of the Chief of Engineers, 

Waahirufton^ December 13^ 1919. 

The honorable the Secretart of War 

(Through the Chief of Engineers, United States Army), 

Washmgion^ D. C. 

Sis: Among the many difficulties encountered during the war, 
having an important bearing upon the war program of the Govern- 
ment, was that created by the exhaustion, soon after our entry into 
the war, of the reserves of central-station electric power in our prin- 
cipal manufacturing communities. This very naturally at once led 
to inabilitv on the part of the public-utility companies to honor 
demands tor additional power made by customers with contracts 
for war supplies of various character, and, as a consequence, 
threatened to interfere seriously with the production of the equip- 
ment and munitions needed for our forces on land and sea. 

The Council of National Defense and the War Industries Board, 
which succeeded to most of the former's functions relating to the 
control and coordination of our national resources and activities for 
the benefit of our war program, had early taken cognizance of many 
fundamental matters such as railroad transportation, coal produc- 
tion, supply of basic materials such as copper, lead, zinc, and of 
many others of obvious importance, and had established the instru- 
mentalities for dealing with them. But neither of these agencies 
took any steps for the ascertainment of our exact resources in elec- 
trical power and for the adoption of a policy to govern the assi^- 
ment of existing supplies and the procurement of necessary in- 
creases. This statement of fact is not meant to imply any lack of 
proper care and watchfulness on the part of the established public 
agencies of control. 

The first evidence of impending^ power shortage that came to the 
(lovemment was rather indirect in character. It consisted in com- 

Slaints to the Secretary of War from manufacturing interests at 
liagara Falls and Buffalo, N. Y., to the effect that the Canadian 
authorities had already seriously curtailed the exportation of hydro- 
electric energy from Niagara Falls, Ontario, into the United States, 
and that a movement was on foot in Ontario to induce the Canadian 
aathorities to prohibit altogether the export of electrical energy to 
the United States. 

In the western part of New York State since about 1890, concur- 
rently with and caused by the increased development of power de- 
rived from Niagara Falls, there had grown up a large and important 
center of the electrochemical, electrolytic, and electric- furnace indus- 
tries, whose best-known products are chlorine, bleaching powder. 

1 w> 



2 THE POWER SITUATION DURING THE WAR. 

phosphorus, abrasives, calcium carbide, ferrosilicon, and other ferro- 
alloys, electrodes, and aluminum. 

These industries were grouped in and near Niagara Falls, N. Y., 
with a number of important establishments at Buffalo, some of which 
were peculiarly dependent on power imported from Canada, while all 
those mentioned and many others in the district were of vital conse- 
quence to the success of our war endeavor. Thus, chlorine was of first 
importance in the manufacture of the various kinds of poison gas; 
phosphorus is used in the preparation of smoke screens and smoke 
bombs; the artificial abrasives are indispensable in all the grinding 
and sharpening processes so necessary in machine shop practice ; cal- 
cium carbide is now absolutely demanded for use in miners' safety 
lamps, so that the maintenance of our coal output depends upon keep- 
ing up the supply of carbide; ferrosilicon is needed to insure the 
soundness of steely particularly of the high-grade steel used in gun 
and shell f orgings and in the vital parts of machinery ; silicon itself is 
used in the manufacture of balloon gas; electrodes are essential to the 
rapidly growing electric furnace industry of the country, and the 
varied uses of aluminum, particularly in aeroplanes, are well known. 

The Niagara Falls-Bunalo district, in some cases, makes all, in 
others, a large part of the output of the entire country in the products 
above mentioned, and any danger of interruption or diminution of 
their manufacture was too grave to be i^ored. Accordingly, the 
Secretary of War designated the Hon. K. J. Bulkley, then d^irman 
of the legal committee of the War Industries Board, to make an in- 
vestigation of the complaints and to confer with the Canadian author- 
ities concerned with a view to such adjustment as would be most fav- 
orable to our common interest in the successful prosecution of the war. 

Before departing from Washington, Mr. Bulkley called upon the 
writer in the office of the Chief of Engineers for the purpose of famil- 
iarizing himself with the history of power development at Niagara 
and of securing additional information from the files of the Ei^ineer 
Department which, since 1906, had been directly charged with all 
responsibility for the enforcement of the various mandates of Con- 
gress respecting the development of power on the New York side of 
the border at Niagara Falls. Incidentally, the writer had himself, 
practically from the passage of the Burton Act, been identified more 
or less continuously with the control, regulation, and investigation of 
matters connected with the development of water power at Niagara 
Falls and was thoroughly acquainted with the local conditions, and 
was thus in a position to be of service to the representative of the 
Secretary of War, as well as to the best interests of the United States. 
This circumstance is mentioned, however, only because of its ultimate 
influence in leading to the formation of a governmental agencv for 
dealing with the general power problem of the war, this agency oeing 
the power section of the War Industries Board. 

The power situation in the Niagara Falls-Buffalo district in the 
fall of 1917 was as follows : At Niagara Falls, N. Y., there were 
two hydroelectric power companies, the Hydraulic Power Co., and 
the Niagara Falls Power Co., both producing power from water 
diverted from the Niagara River above, and returned to the river 
below the Falls. These companies were in existence at the time of 
the passage of the Burton Act, in June, 1906. Until its expiration 
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they operated under War Department permits, the Hydraulic Power 
Co. being authorized to divert 6,500 cubic feet per second, and the 
Niagara Falls Power Co. 8,600 cubic feet per second. After the 
expiration of the Burton Act, in 1913, these two companies operated 
without permits, but under the same limitations and rules as had 
previously been in force. The Hydraulic Power Co. delivered water, 
<}lectrical, and mechanical power, practically only within the limits 
of Niagara Falls, N. Y., the amount of water power delivered as 
such being relatively small, while a very considerable portion of 
its output was delivered as mechanical power upon the shafts of 
generators belonging to the Aluminum Co. of America, installed in 
the newer or No. 3 power house of the Hydraulic Power Co. This 
company had two power houses. No. 2 and No. 3. The Niagara 
Falls Power Co., also with two power houses, normally delivered 
the energy derived from about 7,900 cubic feet per second as elec- 
tricity not only in Niagara Falls, N. Y., but at Buffalo and in the 
intervening towns. Its remaining authorized diversion, about 700 
second- feet, under an agreement with the International Paper Co., 
was diverted from the intake canal of the power company, into a 
canal and power house of the paper company, and converted into 
mechanical power for grinding wood pulp. The Niagara Falls 
Power Co. ordinarily supplemented its supply of power by the im- 

S3rtation from Canada of power generated by its subsidiary, the 
anadian Niagara Power Co., this power being transmitted from 
Canada over two lines, one to Buffalo, and the other to Niagara 
Falls, N. Y. Up to 1916, these were the only important companies 
in this territory engaged in the production or electrical energy. In 
addition, there was, however, the Niagara, Lockport & Ontario 
Power Co., which was engaged in the distribution of Niagara Falls 
power received from Canaoa over the lines of the Ontario Power 
Co., oriffinally built and controlled by the American interests identi- 
fied with the Niagara, Lockport & Ontario Power Co. The latter 
company owns a hiffh-tension transmission line extending from 
Niagara to Syracuse, N. Y., and normally its business is the delivery 
of Niagara power, supplemented by steam and by other smaller sup- 
plies of water power, derived from the Oswego and Salmon Rivers, 
to industries, public utilities, and distributing companies, between 
Niagara Falls and Syracuse. 

The tremendous industrial activity resulting from the war orders 
placed by the English, French, and Russian Governments, in the 
feuffalo-Niagata FaUs territory had, in 1915. resulted in so complete 
an exhaustion of surplus power that the Buffalo General Electric 
Co., which up to that time had been engaged only in the distribution 
of Niagara Falls power received over the transmission lines of the 
Niagara Falls Power Co. and the Canadian Niagara Power Co, 
finding itself unable to secure further hydraulic power from Niagara 
Falls, be^an the construction at Buffalo of a steam power station 
with an initial installation of three 15,000-kilowatt turbogenerators. 
These generators had been completed and were in operation early 
in 1918, and to meet the constantly swelling demand the company 
had, before our entry into the war, also ordered machinery and 
begun construction for the installation of a fourth unit of some 
^35,000 kilowatts capacity. 



4 THE POWER SITUATION DURING THE WAR. 

From the preceding it will be seen that power generated at Niagara 
Falls, Ontario, and exported over lines belonging to the Niagara 
Falls Power Co. (or its Canadian subsidiary, the Canadian Niagara 
Power Co.) and to the Niagara, Lockport & Ontario Power Co. 
formed part of the supply of the highly important industrial area of 
western New York. There are three companies at Niagara Falls, 
Ontario, engaged in the production of electrical energy from water 
diverted from the Niagara Eiver above, and returned to it below tlie 
Falls, and two of them had been financed and constructed by Ameri- 
can interests under plans that contemplated the exportation to the 
United States of at least half their output. Indeed, for the purpose 
of protecting Niagara Falls from damage due to the too great di\ er- 
sion of water it had been deemed expedient to insert in the Burton 
Act in 1W6 not only a limitation (16,600 cubic feet per second) upon 
the quantity of water that might be diverted from the Niagara River 
within American territory, but also one upon the quantity of energy 
(160.000 horsepower) that might be received from Niagara Fans, 
Ontario, and each of the three Canadian companies or their allied 
interests at that time presented arguments and fought vigorouslv for 
the privilege of exporting the greatest possible portion of the allow- 
able total of 160,000 horsepower. Permits were actually issued by 
the War Department in 1906 for the importation into the United 
States of Niagara Falls power as follows: To the Niagara, r^ockr)ort 
& Ontario Power Co. for 60,000 horsepower; to the Niagara Falls 
Power Co. for 52,500 horsepower; and to interests identified with 
what is now called the Toronto Power Co. (fox-merly Electrical De- 
velopment Co.) for about 45,000 horsepower. At that time eastern 
Ontario had been but little developed industrially, the power market 
in western New York was practically the only one, and it was natural 
that the Canadian power companies should seek to enter and sup- 
ply it. 

The condition last described continued practically until 1915, and 
while in the meantime the Hydroelectric Commission of Ontario had 
been created and had begun the distribution of Niagara Falls power 
throughout the portion of Ontario between the Niagara and the 
Detroit and St. Clair Rivers it was only after the intense industrial 
activity resulting from Canada's participation in the war in Europe 
had exhausted the formerly large surplus of hydraulic power m 
this part of Canada that the demand was made that export to the 
United States be prohibited. The maximum exportation to the 
United States never had exceeded 112,500 horsepower, the total 
authorized in the permits issued to the Niagara Falls Power Co. and 
the Niagara, Lockport & Ontario Power Co. and the practical limit 
of capacity of their transmission lines, no line having ever been in- 
stalled under the third permit. But this total of 112,500 horsepower 
had gradually been reduced to about 90,000 horsepower, a reduction of 
some 20,000 norsepower. While this loss was less than 5 per cent 
of the total amount of energy available on and near our Jfiagara 
frontier, the great demand for power by our own war industries and 
the already existing inability to supply demonstrated needs of old 
and important customers caused this reduction to be seriously felt 
and added to the apprehension raised by the threat to prohibit com- 
pletely any export of power from Canada. 
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This was the state of affairs found by Mr. Bulkley to exist at the 
time of his first, and necessarily general, investigation at Buffalo, 
Niagara Falls, and near by, and realizing the gravity of the situa- 
tion he arranged, at a conference with Sir Henry Drayton, who, as 
power controller, was the Canadian official in authority, for the main- 
tenance of the amount of power exported from Canada, imchanged 
as it then stood, until a careful investigation had been made into the 
employment of Niagara power on both sides of the border and a 
general policy formulated for the use of this power only in essential 
war service. 

It was agreed that the interests of both nations called for the 
greatest possible production of needed war materials of the kind 
peculiarly dependent upon a cheap and dependable supply of elec- 
tricity and that all decisions subsequently made should recognize this 
community of interest. It is a pleasure to say here that throughout 
these negotiations and the relations that were brought about by the 
recurrent difficulties with respect to Niagara Falls power, particularly 
during the severe winter of 1917-18, when heavy ice obstructions for 
a time reduced the output of the two American companies to a very 
small percentage of the normal, the attitude of Sir Henry Drayton 
as power controller was not only fair but generous, and that he con- 
sistently held in view as the foremost consideration in the allotment 
of power the importance of fostering and stimulating the produc- 
tion of war essentials regardless of whether they were being made in 
Canada or in the United States. 

Following this preliminary agreement Mr. Bulkley returned to 
Washington, and with a view to making the field investigations neces- 
sary to determine the nature of the uses of Niagara power he re- 
qu^ed and secured the consent of the Chief of Engineers to my 
assignment to cooperate with him and to the employment of the 
fieldforces of the United States Lake Survey for making the reqhired 
field examinations. These field investigations took until after the 
middle of November, as the territory was relatively large while their 
scope expanded so as to include consideration also of the steam- 
electric resources of the region and the possibility of supplementing 
the water power therefrom. Finally it was deemed desirable to 
call into public conference the principal power-using interests of 
the region and to present for their discussion an outline of the policy 
which it was proposed to apply in respect to the assignment of power. 
This meeting took place toward the close of November, 1917. The 
free discussion that then took place developed definitely the needs 
and hopes of the large industries of the district, but no good argument 
was presented against the enforcement of the proposed measures, 
which included the elimination of the use of power for nonessential 
purposes, and of its use for essentials beyond the extent judged 
necessary for the safe maintenance of our war output ; the reduction 
of supply of Niagara hydraulic power to public utilities and dis- 
tributing companies having steam stations and compelling these 
companies to operate the steam stations even when these were un- 
economical ; the granting of permission to both power companies at 
Niagara Falls to divert all the water that they could usefully employ 
to generate power; the employment of all means available to the 
United States to expedite completion of the large new steam units of 
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the Buffalo General Electric Co., and of the Niagara, Lockport & On- 
tario Power Co.'s steam plant at Lyons, N. Y. ; the actual feeding of 
surplus steam power from Kochester and Syracuse to the system ; the 
mamtenance of the Canadian supply unimpaired by means of an ar- 
rangement under which a considerable additional supply of coal was 
procured for Canada ; and, finally, the allotment of all the power thus 
rendered available to those industries, necessarily users of electrical 
energy upon a large scale, indicated by competent authority as being 
most m need of it. 

The^ final results are shown in Table B, page 67 of Appendix A 
herewith, which indicates that by the above curtailments, economies, 
and additions, 19,587 horsepower was assigned to stimulate the pro- 
duction of ferrosilicon, 6,284 horsepower for electrodes, 2,217 horse- 
power for abrasives, 3,000 horsepower for phosphorus, 4.000 horse- 
power for sodium cyanide, and 2,501 horsepower for chlorine; the 
total increase being 37,589 horsepower. In practically every case the 
increase in power assigned was equal to the idle manufacturing 
installation of the industry in question. For further details of the 
manner in which this power was secured, reference is invited to the 
report hereto attached. Appendix A. 

On the day following the conference with the industrial interests, a 
meeting was had with Sir Henry Drayton, at which the power situa- 
tion on both sides of the boundary was carefully considered in the 
light of the specific information made available by the inquiries 
conducted since October. The policy above described, varied in such 
features as were not applicable to Canadian circumstances, and with 
the addition of a provision for economy in the lighting of shops, 
theaters, etc., was accepted as on the whole, promising the greatest 
possible advantage to the allied cause, ana it was agreed that it 
should be put in effect. 

Tb do so it was necessary that the Government keep in constant 
touch with and control of the situation, and this in turn required that 
an agent of the Government, armed with adequate authority, be kept 
on the ground in or liear Buffalo. A similar need having developed 
at Pitt5)ur^h, the Secretary of War decided to appoint Mr. Bulkley 
and the writer as power administrators to represent him and to 
discharge the legal authority of the War Department in respect to 
the assignment and distribution of electric power wherever shortage 
difficulties might exist. This authority was exercised and discharged 
in the manner that will hereafter be described. 

While the various power-generating companies in the Niagara 
Falls-Buffalo re^on were in cordial and helpful accord with the 
plan for economizing power and redistributing it so as to enhance 
the output of essential war products, their contract obligations as to 
Niagara power suggested the danger that curtailment of the contract 
supply to nonessential consumers might lead to suits for damages 
against the power companies unless the orders of the Government 
with regard to the matter were so drawn as to relieve the power 
companies of all legal liability for breach of contract. It was plainly 
equitable that the power companies should be protected against loss 
due to their obedience to the orders of the representatives of the 
United States, and accordingly Mr. Bulkley and his associates of the 
legal committee of the War Industries 6oard prepared carefully 
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drawn instruments under which the entire output of power of the 
Hydraulic and Niag:ara Falls Power Cos. was requisitioned by the 
President of the United States, and direct control of the companies 
was thei'eafter waived by the Secretary of War on condition that 
these companies, in the ordinary conduct of their business, deliver 
power to the beneficiaries specified in the schedule accompanying 
the instrument of waiver. This method proved both successful and 
satisfactory. Under it the authority of Maj. Hardy, who was placed 
on duty at Buffalo and entrusted with the task of supervising the 
power situation in this district, proved entirely ample, while at the 
same time the continuance of operation by the trained forces of the 
two companies permitted a degree of flexibility in the operating 
program attainable only with a personnel thoroughly familiar with 
the needs and peculiarities of tne industries concerned. Constant 
watchfulness and unvarying desire to serve the public interest were 
necessary in order that the power available might be put to its 
highest use, and both companies at all times afforded to the repre- 
sentatives of the United States just this kind of cooperation. 

The ever-shifting situation presented constantly varying prob- 
lems. Thus, the placing of all available steam plants in operation 
involved an enhanced use of coal at a time when coal was m great 
demand everywhere. At no time during the winter of 1917-18 did 
the great steam plants of the district, such as those at Buffalo, Lyons, 
and Svracuse, have more than a few days' stock on hand, and on 
several occasions one or more of them were down to a day's supply 
or less, so that it was never certain that these important power houses 
could DC kept in operation. This rendered it necessary to intervene 
constantly with the Fuel Administration at Washington, and to 
secure special concessions for these companies. Added to this diffi- 
culty were the ice conditions of the Niagara Biver during the latter 
part of January and nearly all of February, 1918, as a result of 
which the output of virtually all the power companies on both sides 
of the border was very materially reduced. At one time one of 
these companies was aole to deliver only about 20 per cent of its 
normal output. Practically constant intervention and supervision 
were required on the part of the agents of the United States. 

It was also necessary to make equitable apportionment of the cost 
of the sometimes uneconomical steam power brought into use. As 
a rule, this was not transmitted to a distance, but was used near th« 
point of generation to replace Niagara hydropower employed 
during normal times, permitting the hydro power thereby re- 
leased to be retained for use at or near Niagara Falls. But the 
steam power frequently cost as much as^i cent or more per kilowatt 
hour, or, say, $60 or more per annual horsepower, while the water 
power was ordinarily sold for $1? per horsepower up, depending on 
the amount involved, the age of the contract, and the distance of the 
point of delivery. Thus, the Buffalo General Electric Co. released 
to the Niagara Falls Power Co, a large block of hydraulic power, 
10,000 horsepower, and supplied its customers with steam power. 
Obviously, any expense due to this transaction should properly de- 
volve upon the industries to which this 10,000 horsepower of hy- 
draulic power was assigned, and this was the course actually pursued. 
Other cases were somewhat less simple, and some of the steam power 
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was mach more expensive, but in the face of the necessity of prose- 
cuting with the utmost vigor and ending at the earliest possible 
moment a war that was costing the United States above $30,000,000 
per day, ordinary considerations as to cost of product had to be 
neglected and quantity regarded as the only goal. 

The measures adopted in the Niagara Falls-Buffalo district, as 
above described, were recognized as mere palliatives, and it was 
seen that, for any prolonged war, it would be necessary to relieve 
as much as possible the strain uix)n our coal supply by the further 
development of water power at Niagara. Fortunately, as a result 
of the joint resolution of June 30, 1917, an investigation was already 
under way which had for its object the determination of the most 
efficient comprehensive policy for the development of water power 
from the Niagara River, and it was possible to employ the technical 
force engagea in this investigation under the orders of Col. J. G. 
Warren, Corps of Engineers, upon the task of preparing such plans 
as would most quickly result in a sensible addition, say not less than 
60,000 horsepower, to the amount of water power available, while at 
the same time interfering little, if at all, with the most desirable 
comprehensive plan for power development at Niagara Falls. Such 
a plan was presented by Col. Warren March 2, 1918, was approved 
by the Chief of Engineers, and thereafter authorized to be placed 
in effect by the Secretary of War. Under this plan it was proposed 
to deepen the intake canal and enlarge the headworks of the 
Hydraulic Power Co. and to extend its power house No. 3 so as to 
permit the most efficient possible use of the 4,400 cubic feet per 
second not previously permanentlj^ allotted to either of the two 
power companies. While 3,650 cubic feet per second of the unused 
part of our authorized diversion had already been temporarily as- 
signed to these two companies, neither was able to use this water 
efficiently, and it was figui-ed that, under the plan selected by Col. 
Warren from among quite a large number, the cessation of ineffi- 
cient use as soon as the new installation became available and the 
substitution of works and machinery in which the fullest possible 
advantage would be derived from the ener^ of the divertea water 
would result in a net gain of at least the minimum of 50,000 horse< 
power above mentioned. This plan was deemed the most favorable 
of those presented, because the work necessary for its completion 
was simpler and attended by fewer uncertainties. Furthermore, 
the Hydraulic Power Co. had ample resources of all kinds necessary 
to insure the earliest possible completion of the work and placing in 
use of the resultant power. It was estimated that all construction 
would be complete and the new power available in the spring of 
1919. In addition, it was planned to create new works for taking 
advantage of the firm diversion of 8,600 second-feet assigned to the 
Niagara Falls Power Co., so as to produce therefrom al^ut 172,000 
horsepower, thereby making a further net gain of about 80,000 
horsepower, which would not howeter have been ready for use until 
some time in 1920. For an explanation in greater detail of the rea- 
sons for selecting the preferred plan and of the features of this plan 
reference is invited to Appendix A, which is derived from a report 
prepared by Maj. C. S. Lacombe, United States Engineers. 
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The net result of Government control of power in the Niagara 
Falls-Buffalo district was, first, the release of about 37,600 horse- 
power to war industries, an increase of over 25 per cent in the amount 
of power before used by the same industries; second, an intelligent 
controlj in the interest of the war program, of the distribution of 
power in the intensely active manufacturing area between Syracuse 
and Niagara Falls-Buff alo | third, constant help and support to all 
the power companies of this area with a view to the uninterrupted 
delivery of their maximum output; fourth, harmonious and efficient 
cooperation between all these power interests ; and finally, a friendly 
and mutually helpful understanding with our Canadian allies. 

The reason for describing at such len^h the situation at and near 
Niagara, and the remedies adopted, is that here were developed the 
various steps necessary to be taken in the handling of similar diffi- 
culties elsewhere. These steps in correct order are, first, the making 
of a careful survey of the territory, including related areas, for the 
purpose of ascertaining in precise detail the power resources of the 
district, the size and condition of the generating units and boilers, 
the capacity of transmission systems, reserves available, plans made 
for expansion and enlargement, including orders entore/for equip- 
ment necessary thereto, amount and character of existing load and 
of prospective or unfilled demand, and possibility of securing neces- 
sary refief from neighboring systems ; second, the preparation, or the 
securing from the appropriate public agency, of a preference or 
priority policy to be placed in effect in times of stringencv until 
measures for enlarging the power supply shall have become enective ; 
under this priority poucy the producers of nonessential or less essen- 
tial articles would be deprived of power to the extent made neces- 
sary by shortage of power for the production of articles deemed 
induspensable to the proper conduct of our war operations, while, if 
necessary, saving in power would also be secured by cutting down 
unnecessary street and display illumination, and, as a last resort, 
peaks reduced by the enforcement of a proper time schedule assigning 
varied opening and closing hours to the diverse industries; third, 
plans should be prepared for increasing the power supply so as best 
to meet the needs developed bv the survey, such plans contemplating 
first the installation of the additional capacity required to meet the 
immediate needs of the emergency, and next the installation of such 
further capacity as may be judged necessary to meet the more slowly 
expanding requirements of a modern war of several years' duration. 
These plans should contemplate the utilization of both steam and 
hydraulic sources of supply, of which the latter will usually be 
included among the elements designed to answer deferred require- 
ments permitting the adoption of measures calling for considerable 
time in their execution. Interconnection of adjoining systems by 
comparatively long transmission lines will be included in both the 
short and the long time provisions, with a view to taking advantage 
of unused capacity, dimimshing the total reserve held idle, and utiliz- 
ing power released by the diversity often existing in the incidence 
of demand in even adjoining districts. The value of such inter- 
connection was clearly shown in the Niagara Falls-Buffalo experi- 
ence, although the interconnection here was far from being complete, 
and some of it was indirect. 

710»— 21 2 
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The fourth step in handling power shortage difficulties should be 
prompt canvass of our situation as to boilers, generators, motors, 
transformers, water wheels, and other appliances necessary in toroduc- 
ing either steam or hydraulic power a\id of our manufacturing re- 
sources along these lines with a view to formulating a comprehensive 
policy 'for distributing these appliances so as best to meet the national 
needs. The direct needs of the Army and Navy should, of course, be 
given due weight and precedence in any such schedule of distribution, 
but no governmental agency other than the Power Administration 
should have authority to requisition either power or power-produc- 
ing machinery. 8uch needs should be filled by the Power Adminis- 
tration, which alone would be qualified to estimate correctly the rela- 
tive importance of the numerous demands, performing in respect to 
them a general coordinating function. 

The fifth step, not in order of time, however, in handling the 
power problem should be the prompt creation of an adequate organi- 
zation for making the necessary power surveys, for the preparation 
of plans for expanding our power supplies, :for canvassing the situ- 
ation as to machinery and boilers and making schedules for their 
allotment, and finallv for supervising the distribution of power sup- 
plies. This organization should be headed by a power adminis- 
trator, preferably an engineer of wide experience in the manage- 
ment of important public-utility enterprises and therefore familiar 
with the practical problems sure to arise. He should have a nu- 
merous staff of electrical engineers similarly qualified, as well as a 
sufficient number of hydraulic and mechanical engineers to permit 
the prompt handling of all questions arising in these lines of ac- 
tivity, and the necessarv clerical staff as well. The power ad- 
ministrator himself might, however, also well be an Engineer officer, 
specially qualified for the duties by study, training, and experience. 
His technical assistants should also be commissioned as Army offi- 
cers in appropriate grades, as much for the sake of keeping them 
permanently under control, as because during the war it was found 
that the uniform carried with it a high degree of respect, considera- 
tion, and obedience on the part of the community, thereby facilitat- 
ing the discharge of duties often disagreeable in their consequences 
to all concerned. 

The administration should be decentralized to the greatest prac- 
ticable extent by dividing the country into regions or districts, each 
under a local administrator, who should be charged with enforcing 
within his jurisdiction all orders and policies of the power adminis- 
trator and of supervising the making of all plans, investigations, and 
surveys relating to the power situation within his territory and of 
preparing recommendations and projects for consideration and co- 
ordination by the central Power Administration. Each local ad- 
ministrator will, of course, require a small technical and clerical 
staff. Tentatively, the country might be subdivided into the fol- 
lowing districts or regions: The New England States; Greater New 
York and its immediate surroundings; New Jersey and eastern 
Pennsylvania; western Pennsylvania and eastern Ohio; northern 
New York State, including Jfiagara Falls and Buffalo; Alabama, 
Georgia, Tennessee, and the Carolinas; Chicago and its immediate 
surroundings; St. Louis and vicinity; Minneapolis and St. Paul; 
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and the Pacific Coast States. The districts as thus generally out- 
lined differ greatly in area, but the subdivision has been made con- 
sistent with existing and probable future industrial development. 
It is, moreover, tentative, though largely in accord with experience 
during the war. In the closing portion of this report is suggested a 
method of organizing during peace and keeping up to date the skele- 
ton of just such an agency as is herein contemplated, so that on the 
outbreak of war it will oe necessary merely to mobilize and set at 
work, largely along predetermined lines, the remainder of the needed 
personnel. The peace-time organization is intended to be used in 
compiling and keeping currently correct the data regarded as useful 
and necessary for the conduct oi war upon a great scale. 

PITTSBURGH DISTRICT. 

While the power difficulties at Niagara P^alls and Buffalo were 
imder investigation and in course of adjustment as above described, 
complaints were received by the Secretary of War in regard to con- 
ditions at and near Pittsburgh. At this place, the heart of the steel 
industry of the country and an important center in the production 
of coal,' of heavy machmerj^ of railroad equipment, of electrical ap- 
paratus, and of rubber tires, a congestion of war orders and manu- 
facturing had completely exhausted the power resources of the dis- 
trict, which includes not only Pittsburgh itself, but the contiguous 
mining territory in southwestern Pennsylvania west of Connellsville 
and the Youghiogheny Biver, all of the Panhandle of West Virginia 
north of Wheeling, and virtually all of the important industrial and 
mining section of Ohio east of a north and south line passing near 
Akron, as well as a considerable fraction of Pennsylvania to the 
north of Pittsburgh and east of the Ohio line. So far had some 
of the central stations gone in their effort to serve the public that 
the breaking point was actually reached, causing vital damage to 
boilers and machinery, so crippling them as to lead to a serious 
reduction in output. The first complaints received bv the Secretary 
of War were from the city of Pittsburgh to the eiltect that street 
railway schedules had been altered so as to diminish the number of 
cars and car trips, especially during the morning and evening hours, 
thereby inconveniencing the working and business people and causing 
public dissatisfaction, which was increased by the fact that an attempt 
had been made to place power consumers on a rotating or alternating 
schedule and to require them to remain idle at certain prescribed 
limes. The importance of maintaining satisfactory conditions and 
of promoting the maximum possible output in Pittsburgh was such 
as to induce the Secretary of War to interest himself actively, and he 
therefore assigned Mr. Bulkley to make an investigation. This was 
early in November, 1917. On visiting Pittsburgh, Mr. Bulkley found 
(conditions to l)e substantially as reported, the difficulties, in the main, 
l)eing due to a concentration of Government orders and contracts in 
the city of Pittsburgh which, in turn, had led to a cumulative growth 
in power demand and to an eventual overloading of the local public 
utility company, the Duquesne Light Co., which supplied power not 
only to the public in general, but also to the street railways of Pitts- 
burgh and to the West Penn Power Co., a public utility having also 
power plants and transmission lines of its own in the territory extend- 
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ing around and south of Pittsburgh from east to west. The pre- 
liminary investigation showed that some alleviation of the difficulties 
might be produced by causing these two companies to cooperate more 
fully and a provisional agreement to this effect at once permitted the 
restoration of normal car schedules and power service. But the con- 
stant growth in demand, due to increasing war orders, as well as to 
the aavance of winter, with its shorter days and darker weather, 
soon made this temporary adjustment unavailing, and it became 
necessary to have technical experts look into the situation, with a 
view to devising more permanent and efficient remedies. The first 
power survey of the district was accordingly made in December. 
1917, and January, 1918. 

The principal manufacturing cities of the district are. Pittsburgh, 
Connellsville, Wheeling, East Liverpool, SteubenvUle, Canton, Alas- 
silon. Alliance, Akron, Warren, and Youngstown, and it is also an 
important coal mining region. Power difficulties existed at practi- 
cally all these places — some of which were overcome by the reduc- 
tion of non-essential uses and by a program of preferential treatment 
but the survey showed the existence of a practically unlimited 
demand for power, which had been temporarily postponed by the 
issuance of orders prohibiting the placing of further Government 
contracts, while it was also demonstrated that all power plants were 
fully loaded and that some had broken down ana needed extensive 
repair. At the same time, with the exception of the plant under 
construction at Windsor, 12 miles above Wheeling on the Ohio Kiver, 
no additions to the power supply of the district were in progress, nor 
were the public utility companies in position to make such additions 
from their own resources. 

The comprehensive study of the situation showed, first, that the 
immediate danger at and near Pittsburgh was that the overtaxed 
plants of the Duquesne and West Penn Cos. would at some time be 
irremediably damaged. To obviate this danger a program was pre- 
pared for the progressive repair of those unite that had already been 
damaged or that were in any way under suspicion, and this work was 
promptly inaugurated, every possible support being given to it by 
the power section which, at tnistime, was being organized and was be- 
ginning to function. Priorities for the necessary labor and materials 
were secured and such other official assistance given as was thought 
useful. ^Vhile some of the defective units were thus repaired, the 
work was bj^ no means completed at the time of the armistice. The 
second showing of the survey was that radical improvement of con- 
ditions in the Pittsburgh district was vitally necessary in order to 
utilize fully for war purposes its immense industrial potentialities, 
and that such radical improvement sliould be based upon the adop- 
tion and early completion of a logical plan for the interconnection 
of the power plants of the district and the installation of additional 
machinery principally in new superpower plants located substan- 
tially at places previously considered by the various companies in- 
volved. Such a plan was accordingly prepared and is shown on 
diagram herewith. As will be seen, it contemplated the construction 
of 100,000 kilowatts of additional generating capacity in 1918 and 
230,000 kilowatts to be completed in 1919, together with the installa- 
tion of new transmission lines to connect the principal generating 
sources. Tlic plan, while admitted by the interests concerned to he 
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an excellent cne, proved to be financially out of the question, be- 
cause the individual companies had either exhausted their resources 
or did not feel justified m defraying the war cost of power plants 
or any part of the cost of transmission lines whose principal or sole 
purpose was insurance against breakdown. 

After many conferences between the representatives of the various 
power interests and the power section the conclusion was reluctantly 
reached that local initiative could be depended on little, if at all, and 
that, if any part of the plan was to be executed, it would be necessary 
for the United States to afford financial help. Unfortunately no 
governmental agency was directly interested at any one of these 
localities to such preponderating extent as to indicate that agency as 
the only or the principal beneficiary of the resulting facilities. Thus 
in the ^Pittsburgh district various branches of the War Department 
were procuring supplies and war materials ; the Navy was purchasing 
armor, projectiles, structural steel, boilers, and machinery; and the 
Emergency Fleet Corporation was buying, either direct or through 
conimercial shipyards, plates shapes, boilers, and all classes of ma- 
chinery. It was therefore difficult in the absence of direct authority 
of law under which Government funds were provided for the pur- 
pose to see just how financial aid could be given. Similar shortages 
of power and complexity of interests on the part of governmental 
agencies existed also in the New Jersey and eastern Pennsylvania dis- 
trict, and during July, 1918, an agrement was finally promoted be- 
tween the War Department, the Navy Department, and the Emer- 
gency Fleet Corporation under which the War Department was to 
assume the obligation of financing power extensions in the Pittsburgh 
district, the Navy in New Jersey, and the Emergency Fleet Corpora- 
tion in Philadelphia, following generally plans formulated by the 
Power Administration. 

Accordingly, in the Pittsburgh district the power section, on be- 
half of the War Department, invited the various power interests to 
indicate the teims under which they would be willing to undertake 
the construction of the power extensions included in the comprehen- 
sive plans before mentioned. The only response that did not demand 
that the Government assume the entire risk and pay the full cost was 
from the West Penn Power Co., which submitted a proposal that the 
Government should advance 40 per cent of the cost of a new power 
plant of 40,000-kilowatt capacity to be built at Springdale on the 
Allegheny Kiver, about 12 miles northeast of Pittsburgh and not far 
from Cheswick, which is shown upon the plan for increasing the 
power supply of the district. The amount advanced by the United 
States was agreed to be repaid to the extent that the reproduction 
cost,^ determined by appraisal three years after the termination of 
hostilities, might exceed the portion of the original cost paid by the 
company itseli. Work under the contract was promptly begun, and 
it was anticipated that power would be delivered some time in 1919, 
which, considering the magnitude of the operations and the difficul- 
ties, indicated exceedingly energetic prosecution of operations. The 
plant is of the so-called superpower type — ^that is to say, the units 
are large, 20,000 kilowatts each — and it is situated close to a large 
supply of condensing water and of good steam coal, for which no rail 
transportation will be required. Except in so far as individual pref- 
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erence may dictate the installation of somewhat larger generators, 
this design represents the extreme limit of efficiency in central sta- 
tion practice, and future development will undoubtedly continue 
largely along similar lines. 

Before leaving this subject it seems proper to make formal ac- 
knowledgment of the spirit of cooperation and disinterestedness 
shown by the officers of the West Perm Power Co. throughout the 
negotiations with them. Too much can not be said in appreciation of 
their good will, liberality, and entire straightforwardness. 

Subsequent to the conclusion of this contract the Duquesne Light 
Co. revised its original refusal to underwrite any part of the cost of 
desired extension of its system and a similar agreement was tenta- 
tively made for the installation of additional boilers in its Brunot's 
Island plant which would have permitted an increase of its output 
by about 15,000 kilowatts. At the time of the armistice negotiations 
were also under way looking toward the completion of a similar 
contract for the construction of a superpower station of 120,000 
kilowatts capacity, but the termination of hostilities put an end to 
the matter. 

To sum up, it may be said that the installation of a priority pro- 
gram for power service, the establishment of a schedule for repair- 
mg deteriorated generators, the enforcing of more helpful relations 
between conflicting interests, the furnishing of important assistance 
in securing coal during times of stringency, and the initiation of 
work under the comprehensive plan for interconnection and new 
construction represent the full extent of progress made in remedy- 
ing power difficulties in this district. In the absence of legislation 
bearing upon this matter nothing more could be accomplished. 
While the help given was of vital importance in keeping up the 
output of this great manufacturing district, it should he notea that 
the time, the means, and the authority available were all too little 
to enable trouble to be completely avoided. The real power shortage 
in 1918 was at least 130,000 kilowatts and even this figure is based 
upon conditions under which the placing of war orders had been re- 
stricted in order to avoid complete congestion. For further details 
attention is invited to Appendix B. 

Incidental mention has been made of the power section, and the 
orderly presentation of the details of our war-power problem and 
of the steps taken to solve it requires that at this point the history 
of the organization of the power section of the War Industrie^ 
Board and of its operations be given. 

As has already been stated, specific power difficulties at Buffalo, 
Niagara Falls, and Pittsburgh manifested themselves and were 
brought to your notice in November and December, 1917, and at that 
time you called upon Mr. R. J. Bulkley and the writer to investigate 
these troubles and to advise you as to the necessary remedies. Knowl- 
edge of the gravity of these cases and general information as to in- 
dustrial activities elsewhere led to the inference that if similar 
troubles were not at that time actually general and wide-spread, 
they soon would be, and it therefore seemed that to protect our 
war program from embarrassment and delay, and to furnish 
Butiioritative information regarding power conditions upon which 
fka ollooiition of war orders could be based, it was necessary at 
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once to create an agency endowed with the authority and the qualifi- 
cations to deal adequately with the matter. This view was inform- 
ally presented to you, and you approved a general plan to gather to- 
gether a body of experienced electrical engineers and to form an 
organization whose sole duty would be to ascertain by field investi- 
gation what were the actual power conditions in all the principal 
industrial centers of the country and to advise as to the best means 
for remedying difficulties found to exist or likely to occur in 1918 
and 1919, the then estimated probable duration of the war. 

It was deemed desirable to secure as the active head of the proposed 
organization an electrical engineer of broad experience in matters 
connected with power supply and of conceded high professional 
standing. Among the engineers who had the requisite qualifications 
Mr. Frederick Darlington, of New York City, appeared to be most 
available and, as he expressed a public-spirted willingness to assume 
charge of the organization proposed to be created, his appointment 
was recommended to the War Industries Board, and after investiga- 
tion by that body this recommendation was approved. For the 
requisite technical personnel there were selected a number of specially 
qualified officers of the Engineer Reserve Corps, and certain other 
electrical engineers not then in the service were afterwards com- 
missioned as need for them developed, it being deemed advantageous 
to endow the field agents of this organization with the prestige and 
authority generally conceded to the uniform of the Army officer 
in time of war. 

This organization was called the power section of the War In- 
dustries R)ard. It consisted of Mr. Darlington as technical head, 
with Mr. Bulkley and Mr. C. B. Davis, of Boston, and the writer, as 
associates and advisers, and Capt. William Stanley, U. S. Army, 
as executive assistant, together with the following Engineer officers 
to do the technical field work and to collect the requisite data and 
prepare the corresponding plans and reports : 

Maj. C. F. LacombB. 

Maj. Malcolm MacLaren. 

Maj. George F, Sever. 

Maj. R, S. Hardy. 

Maj. John C. Damon. 

Maj. A. M. Tinsley. 

Ma|. C. H. Shaw. 

Ma J. H. E. Ley den. 

Capt. George K. Miltenberger. 

Capt. Lyle A. Whitsit. 

Capt. Robert W. Lamar. 

Lieut. W. E, Heibel. 
Mr. Percy B. Thomas, of New York, an eminent consulting engi- 
neer, on several occasions contributed his services when problems of 
special character were involved. 

The general scheme for the operation of the power section was to 
subdivide the country into districts having regard to their industrial 
character, importance, and relations when considered from the power 
standpoint, and to make a careful survey of each district for the pur- 
pose of ascertaining its exact power resources, the load or existing de- 
mand, its probable increase to supply such war necessities as each was 
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best fitted to produce, and to use this information in the preparation 
of such recommendations for the administration of the existing 
supply and such plans for increasing it as in each case seemed neces- 
sary or advantageous. This work was most urgent and was first 
completed in those localities where trouble was actually being ex- 
perienced. The intention was to make the power section the re- 
pository of authentic information as to the power resources of the 
United States, the adviser of the Government as to the best methods 
of utilizing the available supply and of supplementing it for any 
desired purpose, and the liaison oetween the power industry and the 
various Government agencies engaged in the procurement of things 
needed for the vigorous prosecution of the war so far as concerned 
the power recfuired for their production. 

These various functions were to an ever-increasing degree dis- 
charged by the power section until the end of the war. Some over- 
lappmg and conflict of jurisdiction naturally occurred, but the 
amount steadily decreased as the power section became better Imown 
and was recognized to be a useful as well as a necessary arm of the 
Government. 

The districts in which work was done by the power section were 
mainly those in which shortage actually existed, and were the New 
England district ; the New Jersey and eastern Pennsylvania district ; 
the southern district, including North Carolina, South Carolina, 
Georgia, Alabama, and eastern Tennessee; the Pittsburgh district, 
including eastern Ohio; and the entire Pacific coast treated as a 
single district. Western New York, because of the international 
problems involved and the peculiar difficulties of the Niagara Falls 
hydroelectric situation, was separately handled outside the power 
section. It should logically, however, hereafter be included m the 
jurisdiction of any agency that may be created to investigate, coor- 
dinate, and regulate, for war purposes, the power resources of the 
United States. 

In each district — and. as stated, these included only the localities 
where trouble was actually experienced or where it was known that it 
would probably soon arise — a comprehensive power survey was 
promptly made, covering the existing power ijenerating capacity and 
facilities, the exact load, including detailed lists of consumers using 
more than 100 horsepower, with a statement of the nature of their 
business or output, the plans or construction imder way or contem- 
plated for the early increase of generating capacity, the probable or 
desirable increases of load having in view the industrial advantages 
or peculiarities of the locality; and, based upon this information, 
plans were prepared for increasing, the power supply as promptly 
and efficiently as possible, considermg the conditions of the country 
as a whole and the needs of the war program. In this way it was 
possible to understand clearly the entire power problem and to 
coordinate the plans for remedying deficiencies and for supplying 
future requirements with those of the various agencies, such as the 
Ordnance Department, the Navy, and the Shipping Board, a.11 of 
which were placing large contracts for supplies and, in addition, 
were purchasing on a considerable scale generators, turbines, boilers, 
and equipment of the very kind actually needed for the power 
stations it might be desirable to construct or to enlarge. Close and 
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sympathetic relations with the above departments and with the ma- 
chinery and boiler section of the War Industries Board were there- 
fore necessary, and the power section at all times attempted to pro- 
tect the public interest by the maintenance of such relations. 

Following the making of these surveys and the ascertainment of the 
work necessary in each locality, conferences were had with the prin- 
cipal interests concerned, looting toward the construction of these 
additional facilities. While certain small but valuable improvements 
were thus secured, in the main it proved impossible to induce the 
public utility companies to undertake work upon any comprehensive 
scale, the reason given being their inability to raise the necessary 
funds upon terms that they felt justified in accepting. Even the War 
Finance Corporation, a creature of the Government itself, seemed 
unable to advance the needed funds upon workable conditions, and 
in the end it became evident that there must be some degree of direct 
participation by the Government to enable needed extensions of the 
power supply to be made in those localities where shortage actually 
existed, or was plainly imminent. There was, however, no general 
authority of law to construct or acquire power plants or to extend 
private power plants and to expend public funds for such purposes, 
and it became necessary therefore to resort to the plan of furnishing 
assistance through the mtervention of that branch of the Government 
judffed to be most concerned in the power supply of the locality under 
^niideration. The maimer in wh^ch this wlis done is referred to in 
connection with the discussion of conditions in the Pittsburgh dis- 
trict. In effect, it became necessary to decide where should fall the 
duty of furnishing financial help in the localities believed to be in 
such serious condition as to justify resort to extreme measures, and to 
arrive at such decision the chairman of the War Indugtries Board 
secured a meeting between the Secretary of the Navy, the chairman 
of the Shipping Board, and yourself, at which it was agreed that the 
three locahties that were in the most alarming condition as to power 
supply were Northern New Jersey, Philadelphia, and Pittsburgh, and 
that the interest of the Navy was the preponderating one in New 
Jersey, that of the Shipping Board in Philadelphia, and that of the 
Army in the Pittsburgh district, and that in each of these localities 
the duty of furnishing assistance in installing additional power facili- 
ties in accordance with the general' plans and recommendations of the 
power section should be taken up and financed by the corresponding 
department along the lines of the contract with the West Penn Power 
Co. Good progress was made bjr the War Department in preparing 
contracts for power extensions in the Pittsburgh district. In the 
other two localities, for one reason or another, but little was accom- 
plished before the armistice made further action unnecessary. 

While methods for obtaining increases of power supplies in threat- 
ened localities were imder consideration, with a view of remedying 
difficulties, reconciling differences, and securing the most advanta- 
geous possible use of existing power resources as well as of securing 
such advantages as could be had from close and friendly cooperation 
with such agencies as the Railroad and Fuel Administration, the War 
Industries Board, etc., it was deemed advisable to have at some cen- 
tral point in each district a representative of the power section fur- 
nished with such credentials and instructions as seemed necessary to 



18 THE POWER SITUATION DURING THE WAR. 

enable him to handle the situation. This was actually done with the 
result that considerable trouble and delay were avoided and much 
good accomplished not only on behalf of the Government, but also for 
the individual communities. 

From what has been said it will be observed that no large general 
increases in power supply had been placed in effect at the time of 
the armistice, and that notwithstanding the organization and work 
of the power section the country was still, practically a year and a 
half after the declaration of war, unable to proceed to the execution 
of a comprehensive program for taking care of our ascertained 
power needs of the near future. While much was in reality accom- 
plished in the way of developing the facts and preparing an orderly 
and economical program for further operations, it is, nevertheless, 
true that we were just beginning, as the war drew to a close, to see 
our way clear. This was oecause from April to December, 1917, no 
single official agency existed to which all power interests and power 
users could appeal for an investigation of their troubles and for 
such help as seemed indicated, and that even after such an agency 
had been created by the establishment of the power section of the 
War Industries Board it was only an investigating, planning, ad- 
visory, and supervisory body at a time when the financial, labor, and 
business conditions were rendering it increasingly more difficult for 
private corporations to raise the funds on other than prohibitive 
terms. These conditions, now well known, were not generally rec- 
ognized as permanent until the power section took up actively with 
the appropriate authorities the matter of securing legislation under 
which the power situation might be adequately dealt with. It took 
much valuable time to ^t the desired legislation before Congress, 
and when finally it was introduced as H. K. 12776, an "Act to pro- 
vide * * * for the more effective prosecution of the war by fur- 
nishing means for the better utilization of the existing sources of 
electrical and mechanical power and for the development of new 
sources of such power and for other purposes," owing to the pressure 
of other business action upon it was slow, so that though it passed 
the House it was never enacted into law, A copy of the act accom- 

Sanies Appendix A of this report, and reference to it will furnish a 
efinite idea of the scope and character of the authority which had 
been shown to be necessary for the proper handling and coordination 
of the power situation under the difficulties caused by the World War. 
Authority less ample than therein provided would be inadequate. 

The various appendixes to this report describe the conditions that 
were found to exist in the various districts, and it seems needless to 
repeat here what the representatives of the power section ascertained 
and what was done in each individual case. The appendixes tell the 
story fully and should be consulted. 

In a general way the reports may be summarized by saying that 
a shortage of power existed at the chief industrial centers throughout 
the United States ; that owing to lack of flexible and capacious inter- 
connections between adjacent power systems it was virtually impos- 
sible to reduce this shortage by taking advantage of the diversity 
factor and by releasing for active use part of the installed reserves 
which interconnection would have rendered safely available; that 
wliile existing power systems had planned and started considerable 
extensions these had been almost entirely discontinued and were 
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therefore no longer in progress owing to financial conditions, which 
made such extensions virtually impossible of financing for the pri- 
vate corporations concerned; that no means existed for making 
extensions and interconnections at public expense with such safe- 
guards as might be deemed necessary for securing reimbursement of 
all or part of their cost; and that finally no broad comprehensive 
plans were in existence showing how all existing power resources, 
steam, as well as hydraulic, should be interconnected, developed, and 
coordinated so as to serve not only the immediate war needs, but 
also to supply the general public in times of peace with the greatest 
eflSciency and economy. 

These difficulties were to some extent overcome by the intervention 
of the power section, and its various local representatives did much 
to relieve serious shortages, to adjust differences between neighboring 
power systems, to coordinate operations where any degree of inter- 
connection existed and in general to promote the interests not only 
of the United States, but also of the general public. Due to the 
almost complete cessation of work on power extensions previously 
mentioned, to have successfully made any really large addition to 
our power supply during the time that our war industries were most 
active would, however, nave taken far more time than was actually 
available in view of the well-known fact thut the construction of a 
large power plant, whether steam or hydraulic, requires at least a 
year and a half or two years, even under the most favorable condi- 
tions. 

Having all this in mind, and with a view to promoting prepared- 
ness along correct and broad lines, after the armistice, the power 
section prepared reports setting forth in a general way the plans 
under which the power resources of certain districts should he de- 
veloped on broad lines, so as to afford reasonable protection against 
the difficulties experienced during the World War and at the same 
time to utilize to the utmost the energy available, both developed 
and undeveloped. 

Accompan}dng this report there are appendixes describing the 
investigations made in riew England, New Jersey, and eastern 
Pennsylvania, the Southern States, western Pennsylvania, and east- 
ern Ohio, and on the Pacific coast, all with a view to devising broad 
plans for the efficient and economical extension of the power re- 
sources of these localities so as to supply the anticipated needs of 
the next five to seven years. These reports, especially those relating 
to the New Jersey and eastern Pennsylvania situation, the Southern 
States, and to western Pennsylvania and eastern Ohio, contain much 
valuable information and go far toward showing the manner in 
which the power resources of those localities should oe supplemented. 
As a general rule, it is found that future construction should be 
along the lines of recent evolution and that the best economy and 
therefore the highest national benefit will result from the construc- 
tion of large central stations of the steam superpower plant type, 
supplemented by the development of those hydroelectric resources 
of tne locality that will most efficiently and economically contribute 
toward supplying the desired increase in the power supply. 

It does not seem necessary to repeat in detail the obvious argu- 
ments in favor of replacing inefficient isolated small power plants 
by large steam stations equipped with the most economical devices 
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known to the art. Very large economies can be attained by reduc- 
ing coal consumption to the minimum, and the incidental advantages 
of reducing the demands upon our coal supply and upon our badly 
strained railroads must be evident. Similany, it requires no argu- 
ment to prove that where undeveloped water powers can be shown 
to be capable of development at such low cost as to permit the de- 
livery ot power at figures comparable with the present costs of steam 
power, it is in the direction of sound national policy to encourage 
the construction of these hydroelectric plants, particularly in the 
manner suggested in the reports above referred to where it is pro- 
posed to tie the water power plants into large systems containing also 
one or more steam superpower plants, thereby permitting the eco- 
nomical operation of both types of plants in accordance with their 
individual peculiarities. For example, in the Pittsburgh neighbor- 
hood, already referred to, the report of Capt. Whitsit shows that 
certain water powers upon the Clarion and Cneat Rivers may be de- 
veloped so as to carry the peak loads of the very large intercon- 
nected system proposed to be established in western Pennsylvania 
and eastern Ohio, and that when the combined system is thus oper- 
ated, the unit cost both of the water power and of the steam power 
is reduced to a very reasonable figure. 

Similar proposals are made in the report on New Jersey and eastern 
Pennsylvania m which Maj. MacLaren shows the advantageous pos- 
sibilities of building large steam-power stations in the anthracite coal 
district supplemented further by the development of water power 
upon the Delaware, Paupackj and Susquehanna Rivers. In this 
report, as well as in the precedmg one, it is shown that the tributary 
territory must rely very largely upon steam power to supply the great 
industrial demana. The Southern States are, however, more favored 
in that the larger part of their power demand may be supplied by 
the judicious use of existing water-power possibilities, and the report 
on that section recommends that in addition to interconnecting the 
large power systems now operating in that territory, there should be 
developed also certain water-power sites whose use is regarded as 
peculiarly advantageous for supplementing the existing supply of 
power and reducing the drain upon our coal resources. The principal 
water powers recommended to be developed in the Southern States 
are those at Cherokee Bluff, on the Tallapoosa River, at Bartlett 
Ferry, on the Chattahoochee River, and at two sites on the Tugaloo, 
but especial emphasis is laid upon the great economy possible from 
linking the Muscle Shoals development now under construction under 
the provisions of section 124, of the national defense act, approved 
June 3, 1916, with the large interconnected system proposecl to be 
established in the southeastern section of the country. It is especially 
desirable that consideration be given to the recommendation made in 
the report on the power situation in the Southern States that the 
provision that this power plant " shall be constructed and operated 
solely by the Government and not in conjunction with any other 
industry or enterprise carried on by private capital," be repealed, for 
apparently the very large amount of secondary power that may be 
generated at Muscle Shoals can be used economically only in connec- 
tion with a large system, affording great diversities as to natural and 
operating conditions. It seems particularly desirable that attention 
be given at the earliest possible moment to the adoption of legislation 
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under which the Muscle Shoals power may take its appropriate place 
in the southern power scheme. 

At the risk of some repetition, it seems profitable to quote extracts 
bearing upon these projects for power extension and interconnection, 
taken from a review of them prepared by'Maj. Malcolm MacLaren, 
Engineers, United States Army. 

In every instauce these reports are directed solely to the primary generation 
of i)ower and the delivery of this power to the Industrial power-consuming 
centers. The reports do not concern themselves with the question of local dis- 
tribution from these centers to the various consumers. The ground work for 
this local distribution is already established by the distributing lines of the 
existing central station power companies, which are already installed in all 
industrial and thickly populated areas. The cost of creating power, as set up 
by the Engineer officers' reports herewith, must not be confused with the cost 
of power delivered to consumers, as experience has demonstrated that trans- 
mission and distribution of power to individual consumers frequently costs more 
than the generation of power. 

As estimates of the construction and operating costs of power plants for 
future production are the basis of these reports and recommendations, It was 
necessary to adopt a reasonable and uniform basis for estimating the post-war 
cost of various works. It was recognized that war-time construction costs 
were very high and uncertain, and further that future costs must depend very 
largely on the basic cost of labor, which probably will not, at least for a long 
period, be as low as in prewar times. In view of all the considerations, the 
general basis for the estimates submitted, adopted as a probable average for 
the next five years, represents about 40 per cent excess over the low cost of 
prewar times. For the purpose of estimating operating expenses following 
the war, attention was given to Increased expenses for mining and transporting 
coal and for labor, and the cost of power for post-war times is based on these 
post-war estimates. In estimating the cost of power the charges against 
capital invested were estimated to include a moderate rate of interest return 
to the investors and a reasonable allowance for obsolescence or depreciation 
and for taxes. The aggregate of these charges against capital varied according 
to the nature of the structures and existing tax rates from a minimum of 10 
per cent to a maximum of 13 per cent or 14 per cent. All estimates of ex- 
penditures for replacements and repairs were included under operation and 
maintenance. 

The status of the power business in the districts covered by these reports 
shows clearly the need of adopting a comprehensive policy with definite plans 
for the construction of unified power systems covering large areas, many of 
which are Interstate In their extent. There should be a close economic relation 
established between the generation of power, the conservation and transpor- 
tation of fuel, the improvement of navigable conditions on rivers, and the 
control of floods. A properly developed system would combine these four oper- 
ations to supplement each other and laws to control these matters should be 
enacted to encourage a predetermined and intelligent development on a com- 
prehensive plan for each natural power section and to aid in securing money 
for tJieir accomplishment. 

A clearer understanding of the difllcultles in the way of power development 
on a large scale may be had by considering specific situations as set forth in 
the accompanying reports. For example, the eastern Pennsylvania-New Jersev 
power district embracing practically all of the industrial parts of New Jersey, 
Including 180 municipalities, from Hoboken and Newark south and west to 
Coraden, and Pennsylvania, east of the Susquehanna, including Scranton, 
WilkeS'Barre, Reading, Philadelphia, Chester, and Intermediate to and adia- 
cent territory can best be sei*ved from one Interconnected power system. The 
most economical way of generating power for this system Is with mammoth 
8team plants burning bituminous coal In the portions of the district centered 
an»und Newark, Philadelphia, and Chester, and with supersteam plants burning 
low ^ades of anthracite coal In the hard-coal fields and with hydroelectric plants 
on the Delaware and Susquehanna Rivers, where over 2,000.000,000 kilowatt 
hours annually could be advantageously developed by water. To properly carrv 
out this work it will be necessary to secure the cooperation of existing electric 
companies In two States; to secure permits for hydraulic construction in three 
States, and on the Delaware River where it Is a State boundary line, each 
single development will require two State permits. Right of eminent domain 
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for condenmiiig transmission line rights of way and for securing lands for 
flowage and storage reservoirs is not granted by Pennsylvania and New York 
laws and will be needed for this project; permits for damming the Delaware 
River, which is classed as a navigable stream, can only be obtained by con- 
gressional action ; and finally, if these things were all secured by the enact- 
ment of new laws and by ottier means, any corporation which supplied the 
money and carried out the work would have its rates for power regulated by 
the commissions of the several States in which the power would be sold. Under 
this condition there would be no common authority with jurisdiction to estab- 
lish rates that would secure an adequate return on the money expended for 
the entire undertaking. To carry out this plan for supplying cheap and re- 
liable power and conserving resources existing laws should be changed and 
new laws enacted. 

Another example of the conditions which restrict unification of power pro- 
duction and interstate development Is illustrated in the Southern States report. 
In this section the recommended plan Is to tie together existing power systems 
to form one big system, to utilize existing generating plants in the order of 
their efiiciency, and to build new plants to supply additional power, using the best 
water powers available, and to build new steam plants located at coal mines. 
On the southern rivers, also, it is difficult to obtain satisfactory Federal per- 
mits for building dams or regulating the flow on navigable streams. Here also 
it is neces.sary to secure the cooperation of diversified power interests of dif- 
ferent States and to attract capital to the enterprise. Here, as in the first 
example, the control of the power business and the regulation of rates rest with 
the different States of the secrtion that will be sei'ved, and there is no common 
authority to pass upon the financial features of the project as a whole, and to 
fix the rates to afl'ord protection and profit to the invested capitftl. 

Another complication has been introduced into the Southern States power 
situation by the Federal Government secuiing property on the Tennessee River 
and starting the construction of a large hydroelectric plant at Muscle Shoals. 
It is shown in the accompanying report (see Appendix E) that Muscle Shoals 
will be a flow of river development with a very large percentage of second- 
class power, that the Government's reserve steam plant at Sheffield Is much too 
small to convert all this to prime power and is not as favorably situated for 
producing cheap power as steam plants located at coal mines, and furthermore, 
the amount of power that will be available at Muscle Shoals is much in excess 
of the apparent requirements of the Government. This project is being developed 
as an independent self-contained system and under the present law the Govern- 
ment is prohibited from selling any part of this power to private interests, or 
distributing it over the lines of the existing power companies. Exactly the same 
reasons for the Muscle Shoals ix)vt'er being Interconnected and operated jointly 
with the other power .system hold as in the case of private projects, where 
every recommendation is for interconnection and joint operation. Interconnec- 
tion would afford a relay to the Muscle Shoals service to help change their 
second-class power to prime and Improve its reliability and economy. The 
benefit in cheapening power by interconnection and joint operation between 
Muscle Shoals and the private interests would accrue to both the Government 
and to the private companies. The unified system which is reconuuendeti in 
the Southern States report to be created by the interconnection and joint opera- 
tion of private power companies would, if accomplished, afford an efliclent 
means for distributing Muscle Shoals power to diversified industries throughout 
these States, as well as constituting a source of auxiliary power to supple- 
ment Muscle Shoals during low-water stages. Another use of the Muscle 
Shoals project which should be realized in connection with supplying i>ower 
to the Southern States, and that was one of the Government arguments for 
adopting this site, is the gain that will be made for river improvement by the 
construction of a power dam at Muscle Shoals. This is only one of many 
instanr-es in the Southern States, and elsewhere, in which joint consideration 
should be given to river improvements combined with water power develop- 
ments. 

There are two ways in which the Government work at Muscle Shoals, as now 
being prosecutefl. Is working to retard public utility power development, and 
raise the cost of power to industries in the South. A public utility company in 
Alabama purchased the Muscle Shoals site and spent considerable money In 
preparing for its ultimate development In connection with their business, and 
the Government by securing this property for their uses took away from the 
private company this resource for creating cheap power. The very fact of hav- 
ing this source of power so taken over by the Government, forces the public 
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ntlity company to seek other sources of power, which may not be so favorable 
as this one, and, nnless the law is ^changed, may result In the consumers of 
the South having to pay more for their power than they otherwise would. The 
swrond way in which th« Government work at Muscle Shoals is delaying power 
production on a comprehensive plan is by raising doubts in the minds of in- 
vestors regarding the return that may be earned by privately developed power 
ill competition with Government-developed power. The officials of public utility 
companies are loath to recommend investments in generating plants which 
may eventually come Into competition with Government projecrts and while 
these same officials would be very glad to make contracts for the purchase of 
Government power for distribution over their lines at any price that would be 
favorable as compared with their own cost of production, and to exchange their 
own steam power or storage-water power to supplement second-class Govern- 
ment power, they do not feel free to recommend large capital investments In new 
generating plants where the Government is developing a large source of cheap 
ix)wer, which the Government may not need and which may be thrown into 
their market. 

There is probably no other branch of industry in which duplication and 
dinsion of operating control, necessary to secure competition, works for greater 
waste and inefficiency than In electric service where economy and reliability 
are best secured by interconnection and centralization. Under existing laws 
^he comprehensive plans for development set forth in these reports would be 
almost impossible of execution. There is no Government agency or depart- 
ment empowered to carry on such work; the development of water powers by 
private capital on Govemment lands or navigable streams is restricted by con- 
ditions that are not workable ;• special congressional action is necessary to 
<»btain permits for the sale or rental of water for generating power at dams 
created for river improvement or flood regualtion ; other laws, both Federal and 
State, are designed to prohibit monopolistic combinations between manufac- 
turers producing power, thus retarding centralization and unification of generat- 
ing systems; certain State laws fail to give tlie necessary right of eminent 
domain for condemning transmission line rights of way, intrastate and inter^ 
state, essential for interconnecting power systems; in most States the regula- 
tion of public utility electric business is in the hands of State commissions, which 
coininissious differ in their policies regarding capital issues for public utility 
elt'Ctric companies and earnings allowed, and there Is no established plan for 
the regulation of interstate power business. 

The financial returns in the electric business, even from concerns that have 
btillt wisely for public needs and which have conducted their business efficiently 
in the past, have not been uniformly adequate to conserve capital investments and 
maintain dividends. There has been a very common practice on the part of 
Oovernmeiital authorities, both State and municipal, to call for physical ap- 
praisals of public utility plants, disregarding capital shrinkage, due to ob- 
soU^cence or depreciation which involved capital losses that had not been 
amortized from earnings. Rates were then set up to permit moderate earnings 
♦mly on the existing physical valuations, with resulting loss to the original 
investors. In any line of industry in which the development of the art and the 
growth of the business have been as rapid as in the central station electric power 
business, it is unavoidable that obsolescence and depreciation shall be very rapid, 
»nd the present state of development in this industry could not have been 
reached without first building the smaller and simpler installations which It 
ii« now proposed to scrap or consolidate in the larger and more reliable and 
efficient systems. The failure of governing authorities to recognize this and to 
afford protection against loss for work properly constructed and carried on, 
n<)es not tend to attract investments to the electric business, and elecrlc power 
companies* securities, which should to-day be among the safest and most gilt- 
♦*ilge<l investments, are forced to pay high interest rates to secure capital, all 
"f which reacts in increased cost of power to the consumer and retards de- 
vHopinent on the comprehensive scale that is essential to secure the reliability 
and econoinj- of production, and the conservation of resources which are necessary 
t*» the industrial and social welfare of the country, in which power plays such an 
important part. 

To get cheap and reliable power, to conserve fuel, to improve navigable condi- 
tions on rivers, and to control floods, the laws must be so constructed and ad- 
ministered that in each of the natural power districts, the necessary works to 
af'coraplish these purposes shall be constructed in one big interconnected sys- 
tem, operated for the mutual advantage of each of the purposes to be attained. 
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All State and Federal laws aimed to prevent combinations and interconnections 
should be modified to exclude public service power companies. 

Interest charges on the capital invested in power undertakings, especially 
for water-power plants, constitute a very large part of the cost of power, and 
corporations to do the work satisfactorily nmst obtain large amounts of money 
at low Interest rates. Particular attention should, therefore, be given to the 
enactment and administration of laws that will encourage capital to invest In 
electric power undertakings. Conditions which would secure cheap money re- 
quire that invested capital shall be secured as to principal and interest by the 
maintenance of rates for power service that will earn an adequate return to 
conserve or amortize the initial investment and insure reasonable dividends. 
In the enactment of such laws, ought not provision to be made that future 
savings in operating costs which may be produced either through Improved 
operation or by the expenditure of capital shall be shared between the power 
company and the consumer? 

As the electric-power business is conducted by private enterprise, it is neces- 
sary that the monopolies granted to power companies shall be regulated by 
governmental commissions. The existing commissions are of State jurisdlctioD 
and generally fall to work to a constructive program for unification of systems 
and centralization of power-generating resources to secure maximum economy 
for the large districts forming the most economical area for supplying power 
wholesale. The trouble in this respect is twofold; State jurisdiction Is not 
broad enough for Interstate undertakings, and the commissions themselves either 
do not have wide authority or do not take a broad view of Interstate oppor 
tunitles. •   For the broad consideration of the problems Involved the 
commissions should be of a Judicial nature,- with long tenure of ofilce, and 
removed, as far as possible, from the infiuence of politics. They should Include 
trained engineers and men experienced in the electric-power business who will 
appreciate the saving that can be made by building up big power systems that 
will supplant wasteful and costly Isolated plants with superior service and with 
powers to coordinate electric-power service with river improvements, flood 
control, and irrigation works. 

The preceding quotations represent largely the views of the purely 
local interests and of the operators of public utilities and are ably 
and clearly put by Maj. MacLaren. The proposals and suggestions 
of changes in the existing manner of regarding and regulating the 
public questions involved are at least worthy of careful considera- 
tion, though it is obvious that many difficulties are in the way of 
their adoption and that the correctness of the policies advocated may 
be disputed by some who have given these matters long and earnest 
consideration. 

A similar condition exists with respect to some of the advantages 
claimed for the reservoirs proposed for some of the water-power 
developments. These reservoirs must either be operated exclusively 
in the mterest of the power development, and in that case their effect 
on navigation and floods may not be beneficial, or a compromise sys- 
tem of operating the reservoirs must be resorted to, and in that 
event it may at times be necessary to waste water which might have 
been conserved had efficiency and economy of power development 
been the sole consideration. On the average, however, extensive head- 
water reservoirs should, under careful management, be of some 
benefit to low-water navigation and as protection against excessive 
and frequent floods, but in each case the proper system of managing 
the reservoirs will have to be carefully worked out. 

It will also be observed that the estimates of cost for proposed 
power extensions are based largely on information furnished by 
private interests. It has not been possible to verify these estimates, 
nor is the increase of 40 per cent m certain unit prices believed to 
cover fully the difference between prewar figures and present costs. 
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The estimates must, therefore, be regarded as only approximately 
correct. 

While the appendixes show in detail the adyantafi;es that would 
result from the adoption of the plans presented for the interconnec- 
tion of systems and the centralization of power generation, it s^ms 
desirable that in a few instances these advantages be summarized 
and emphasized. 

It happens that its commercial and indu£4)rial development permits 
a division of the country into districts, in each of which certain 
classes of industry having similar needs and conditions are more or 
less localized, and also tnat these districts represent units of such 
oonsideraUe area and power demand as to render of doubtful wis- 
dom any proposal seeking to consolidate them into a smaller number, 
requiring longer and more capacious transmission systems than are 
herein contemplated. At any rate, the organization of the districts 
herein proposed and the interconnection, centralization, and expan- 
sion of their sources of supply constitute a very large, while at the 
same time safe, advance over existing conditions. If further con- 
solidation should thereafter prove to be practicable and desirable, 
great progress will have been made in that direction. 

Thus, m New England, where the natural power district em- 
braces the important mdustrial area from Portland, Me., to Bridge- 
g»rt, Conn., including Massachusetts, Connecticut, southern New 
ampshire, and Vermont, it is estimated that to supply the indus- 
trial needs of the next five to seven years 1,400,000 kilowatts of addi- 
tional generating capacity will be required, of which only 350,000 
kilowatts, one-hSf of the entire undeveloped water power of these 
States, can profitably be developed by water, leaving the remainder 
to be developed in large central steam stations favorably distributed 
in the territory concerned. The compact character of the territory 
lends itself particularly well to the interconnection of existing sys- 
tems and to the future expansion in a way most serviceable to the 
entire community. The introduction of additional water power, the 
construction of large and efficient new central stations, and the 
abandonment of the use of isolated or less efficient plants should 
result in a coal saving for this section running into the millions of 
tons. 

In the New Jersey and eastern Pennsylvania district, including the 
anthracite coal region, Philadelphia, iThester, eto., interconnecting 
lines should be built between the principal industrial foci and new 
generating plants with an aggregate capacity of over 1^00,000 kilo- 
watts installed during the next five to seven years, under service 
conditions this increase would produce 5,000,000,000 kilowatt hours 
annually and would provide not only for the added demand of 
industry, but also for the energy needed in the electrification of the 
steam railroads of the region. Favorable sites exist on the Susque- 
hanna and on the Delaware Bivers and its tributaries for the de- 
relopment of over 2,000,000,000 kilowatt hours annually, about 40 
per cent of the above total. In this district the development of water 
power would obviate the construction of steam plants consuming 
about 2,6002000 tons of coal annually. 

In the Pittsburgh district, interconnecting lines are proposed 
which would unite Pittsburgh, Youngstown, Connellsville, Wheel- 
ing, Akron, Canton, Alliance, Massillon, and the neighboring manu- 
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f acturin^ and coal-mining industries into a single system. Cleve- 
land and Lorain are so close to Akron that they might eventually 
also be included. 

Including Cleveland and Lorain, the total generating capacity of 
the Pittsburgh district amounts to 773,000 kilowatts and the energy 
output in 1918 was 2,440,000,000 kilowatt hours. The plant cost olf 
power, including only coal, labor, and plant repair costs, varied in the 
central stations between 5 and 26 mills. Coal consumption per kilo- 
watt hour varied between 1.8 poimds and 9.2 pounds, the lower figure 
being that of the most efficient and modem superpower central sta- 
tion and the higher that of the small and antiquated and inefficient 
central plants. By replacing the worst of the older plants by steam 
plants of the superpower type, an annual saving of 796,000 tons of 
coal might be made in this district alone, and the money saving 
would be nearly $7,000,000 annually. 

But there are also many isolated power plants in this district. 
Omitting those in the larger steel companies, they total about 700,000 
kilowatts of generating capacity, of which 460,000 might be eco- 
nomically replaced during the next five to seven years. Considering 
the diversified character of the isolated service, this would add 
205,000 kilowatts to the peaks of the central systems, and it is fig- 
ured the change would result in a coal saving of 3,250,000 tons and 
a money saving of $12,000,000 annually. 

Having regard now to the generating ec[uipment in the major iron 
and steel companies of the Pittsburgh district, amounting to about 
800,000 kilowatts of capacity, and allowing for the use of by-product 
gas and waste heat, it is not likely that more than half this demand 
could be supplied by a central system. Allowing for diversified use, 
this would increase the central peaks by 180,000 kilowatts and a fur- 
ther very large coal saving would result. 

In order to meet increased demands of present customers to re- 
place inefficient isolated plants and to supply new industries and to 
serve steel companies now generating their own power, it is esti- 
mated that during the next five to seven years power-generating 
equipment adequate to supplv 8,000,000,000 kilowatt hours annually 
should be installed, calling for about 730,000 kilowatts of new ma- 
chinery. The power required for electrifying all the railroads of 
western Pennsylvania and eastern Ohio would be 2,400,000,000 kilo- 
watt hours annually, calling for a plant equipment of 500,000 kilo- 
watts capacity, but the transformation of the railroads from steam 
to electric operation would be so costly that it is not for the moment 
considered to be practicable, and is therefore no further discussed. 

To furnish the additional supply of 3,000,000,000 kilowatt hours 
which it has been stated above will be needed at the expiration of 
the next five to seven years, a plan is presented in Appendix B 
for extending certain highly efficient central stations of the super- 
power type for completing one such station now in progress and for 
enlarging another, but the plan also takes due note and proposes 
efficient use of water-power possibilities on the Clarion River in 
Pennsylvania, where 420,000,000 kilowatt hours may be developed in 
a year of extreme low flow, 650^000,000 kilowatt hours in an average 
year, and of course still more m a year of high discharge, and on 
the Cheat River in West Virginia, where it is estimated that 870,000,- 
000 kilowatt hours may be had in a minimum year and 1,350,000,000 
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kilowatt hours in one of average flow. Taking the minimum figures 
about 1,300,000,000 kilowatt hours could be furnislied by developing 
the power of these two streams, thereby saving at least 1,000,000 tons 
of coal each year. By a proper combination of these hydroelectric 
developments with interconnected steam plants, the former may be 
operated under full load and with maximum possible economy while 
the steam plants take care of the variable portion of the demand and 
their fuel and labor costs con-espondingly curtailed. On the other 
hand, the existence of the steam capacity permits the freer and more 
complete use of stored water, so that the situation is one that justifies 
the most careful study and consideration not only on the part of 
the power interests here proposed to be combined into a single great 
system, but also on the part of the public authorities concerned, 
especially as on both rivers the storage reservoirs proposed will un- 
doubtedly afford some alleviation in case of floods and may be bene- 
ficial to navigation during low-water periods. 

In the Southern States it is proposed to combine the major plants 
of Tennessee, Alabama, Georgia, and the Carolinas into a single 
system. In Alabama, Georgia, and Tennessee the interconnection of 
five existing systems and the development of new generating capacity 
producing about 1,000,000,000 kilowatt hours annually comprise the 
major part of the improvements proposed, this amount of power 
being nearly sufficient to supply the additional requirements of the 
next five to seven years. A gam of over 100,000,000 kilowatt hours 
annually will also result from the interconnection and the more 
diversified use of energy now available. Of the additional power, 
450,000,000 kilowatt hours would be produced in a year of low flow 
by a single new hydroelectric development proposed, and in a normal 
year the output of the same plant would be about 700,000,000 kilo- 
watt hours. This single new water-power plant would therefore, if 
built, save between 400,000 and 630,000 tons of coal each year, and 
assuming the remainder of the program was followed and further 
water power developed, the total coal saving possible under the 
plan outlined in Appendix E would iti perio(& of average rainfall 
be close to 1,000,000 tons annually. 

Without entering into further details, it may be said that the 
interconnection of the systems and the establishment of the poller 
districts proposed together with the development of the water pow- 
ers described would not only adequately and economically provide 
for the power needs of the coming five to seven years, but would at 
the same time permit a saving of some millions of tons of coal now 
needlessly or wastefuUy used and when finally completed would 
either save or render unnecessary the burning of 10,000,000 tons, or 
more, of coal annually. The difficulties caused by coal shortage in 
the winter of 1917-18 are still fresh in our memory, and it hardly 
seems necessary to urge that plans which will eventuallv result in 
so large a saving of an exhaustible natural resource, fueL in labor, 
and in transportation, while at the same time making efficient and 
profitable use of an inexhaustible natural resource, water power, 
are obviously of such national value and importance as to justify 
their most serious consideration. These plans can not, however, be 
placed in effect without legislation, and the passage of a law to 
permit the development of water power upon terms fair alike to 
the public and to the interests specially concerned is indicated as 
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the first and most important step, one which will go far toward 
relieving the people from their dependence upon fuel whose pro- 
duction is so subject to interruption and wliose availability is so 
closely connected with the uncertainties of the operation of an over- 
taxed transportation system. 

It will be evident from what precedes that, unless steps are taken 
to profit by the lessons of the past and to avoid the dimculties that 
we had to contend with, the immense expansion of industrial activity 
incident to our participation in any war of modem type is liable 
to cause again the troubles that were experienced in the World War. 

We were taken by surprise by the shortages that finally became 
evident and we were without really effective means for curmg tliem. 
Eventually, we worked out a remedial program but this consumed 
much valuable time and the delay might easily have been very 
damaging. 

There was conflict of purpose, interest, and authority on the part 
of various public agencies, and lack of unity of policy. What we 
need for our future protection is an exact knowledge of the amount 
of electric power available, its location, the means by which it is 
produced, transmitted, and distributed, the extent and manner of its 
use and the products to which it is applied, the amount, character, 
and probable time of completion of extensions in process of con- 
struction and the programs for future development, showing par- 
ticularly what is proposed and the probable time of beginning and 
completion. We need also dependable statistics and information as 
to the growth of demand for power in each locality, and, based upon 
our recent experience, we should be able to compile figures showing 
just how much power was consumed by our recent war-time activ- 
ities, and to estimate from time to time what change, if anv, should 
be allowed for in our power requirements due to the evolution of 
the art of war. Definite and permanent arrangements should be 
made for compiling this information and a policy should be worked 
out under which, in the future, to handle the power situation so as 
to avoid unnecessary difficulty, misunderstanding and interference. 

The increasing tendency to abandon isolated and relatively small 
power plants and to resort to the more economical, dependable, and 
flexible service of large public utility companies supplying consider- 
able districts from power stations of the most efficient type, intercon- 
nected among themselves and also joined by proper transmission 
lines with adjoining power systems causes tne matter of assuring 
an adequate supply of jwwer, always vital, to assume an evergrowing 
importance in any scheme of preparedness, especially if, as seems 
likely, the electrification of railroads is undertaken upon any general 
scale. While it is difficult to say that any single national resource 
is fundamental, it might well be argued that power supply comes 
very close to being so, and therefore our future policy regarding it 
inust pi-ovide for complete harmony, coordination, and comprehen- 
sion among the various interests concerned. These are, first, the 
public utility companies ; second, those branches of industry that sup- 
ply the vital elements in any proposed plan of power increase, such 
as boilers^ engines, steam and water turbines, generators, switch- 
boards, wire, cable, and, in fact, all equipment needed for building 
power stations and transmission lines; third, the governmental 
agencies that, upon the outbreak of war and during its prosecution, 
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will express our war needs in the form of contracts and purchases 
calling for production upon a greatly heightened scale, these being 
the War Department, the Navy Department, and, if it continues to 
exist, the Emergency Fleet Corporation, witli their various sub- 
divisions or bureaus, each of which during the late war supplied its 
requirements with greater or less disregard of the needs of the others 
and of the real interests of the Government. The policy regarding 
power supply should be made known and its observance made manda- 
tory, and, particularly, the right to requisition power should be limi- 
ted to the same agency that, in time of war, may be delegated to 
enforce the power policy of the Government. A proper priority 
program for distributing power should be set up, agreement should 
be reached as to the relative importance of fuel for steam power sta- 
tions as compared with the needs of such as the railroads, the steel 
mills, steam vessels, etc. This problem of fuel would, of course, con- 
cern any agency, such as the Fuel Administration, that mignt be 
created to handle it, and its policy as to priority of supply should be 
framed with adequate consideration of the needs of the power indus- 
try as a whole, and of its place and importance in any lo£:ical war 
p^gram. Thi^ is a very important matter and it muet be provided 
for. Finally, the legislation probably needed in a war emergency 
should be studied in advance and, if possible, enacted during times 
of peace so that it may be available immediately on the declaration 
of war. 

The collection of information and statistics and the preparation 
of plans and projects for supplying war needs are essentially engi- 
neering tasks, and it seems fitting that they be assimed to tne 
Chief of Engineers of the Army who could readily take the necessary 
steps to secure information upon which to base the desired power 
policy and keep the work up to date. For this purpose, he has now 
at his disposal £ngineer officers stationed at or near every industrial 
center in the United States and he can call into active service for 
several months each year, as needed, reserve Engineer officers who 
are specialists in matters relating to the generation and distribution 
of electric power. The details of the work to be done are described 
herein and the requisite instructions can readily be based upon what 
precedes. Much valuable help might be had from the Census Bureau 
which now collects power statistics and would, no doubt, be willing 
to arrange the information in the form best calculated to be usefiu 
for war purposes. 

Due to the termination of the writer's connection with the power 
section earlv in September, 1918, and his subsequent absence in 
France at the time when the work of the section was being closed 
and its personnel scattered, the preparation of this report has been 
unduly delayed. Much interest in tne subject matter has been mani- 
fested on the part of the electric power industry generally, more 
especially so by the various individuals and corporations that fur- 
nished the details upon which the plans presented in the appendixes 
were based. It is believed that the report is of such general value as 
to justify the printing of an edition of 300 copies and that^ when 
printed, it should be distributed among those wno have appked for 
it, a list of whose names is now on file. 

Li closing, it seems fitting to make more specific acknowledgment 
of the valuable and painstaking services of the members of the power 
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section, particularly those of Mr. Frederick Darlington, Mr. C. B. 
Davis, Mr. R. J. Bulkley, and Mr. Percy B. Thomas, all of whom, 
under trying and difficult conditions, cooperated in setting up a 
practical solution of a new and Nation-wide problem. It goes with- 
out saying that the Army officers whose names have already been 
mentioned rendered always faithful and efficient service of a very 
high order, of which this report presents a somewhat inadequate idea. 
Especial mention should, however, be made of the services of Maj. 
C. F. Lacombe, who came to the power section at its very beginning 
and helped notably in its organization, and who prepared the 
report, which, in abbreviated and revised form, appears herewith as 
Appendix A. 

Very respectfuUy, your obedient servant, 

C. KsUiER, 

Lieutenant Colonel^ Corps of Engineers, 

[First Indorsement.] 

Office Chief of Engineers, 

December ««, 1919. 
To : The Secretary of War. 
Subject : Power reports. 

1. Submitted. This is a report submitted by Lieut. Col. C. Keller, 
Corps of Engineers, describing activities of agencies of the United 
States during the World War in the regulation and allocation of 
electric energy generated in and near Niagara Falls, N. Y., as well 
as of the organization and operations of the power section of the War 
Industries Board, which handled analagous problems at other locali- 
ties where power shortage and other power difficulties occurred. 

2. This control was exercised originally under the direct instruc- 
tions and with the personal knowledge and approval of the Secretary 
of War ; and as most of the work was done by officers of the Corps 
of Engineers, these matters finally came under the cognizance of the 
Chief of Engineers. 

3. It will be noted that the report presents plans for interconnect- 
ing existing power sj'^stems so as to form a number of so-called power 
" districts,'" and for supplementing their power resources during the 
next five to seven years by the development of water power upon the 
greatest profitable scale at certain advantageous localities, the remain- 
ing necessary power to be generated in steam stations of the super- 
power type. These proposals are elaborated in the appendixes to the 
report and appear to merit careful study. 

4. In addition, Col. Keller urges the advisability of creating a 
continuing governmental agency, which, having in mind the power 
difficulties that arose durinjg the war, will collect and keep currently 
correct the information which, during the war, it was found durable 
to have. He outline45 a plan for doin^ this work, which, with the 
approval of the Secretary of War, the Chief of Engineers is prepared 
to place in effect. 

5. The report contains information that is of widespread interest, 
and I tliererore concur in the recommendation that it be printed in 
full, with its appendixes. 

Fredehic V. Abbot, 
Colonel^ Corps of Engineers^ 

Acting Chief of Engineers, 
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REPORT TO THE CHIEF OF ENGINEERS, U. S. ARMY. 



INTRODUCTION. 

Among the primary necessities of the Nation in the late war 
was power for the production and manufacture under emergency 
conditions of the needed raw materials and finished appliances of 
all kinds. 

With the declaration of war the demand for these necessities be- 
came imperative, and the delivery required under the spur of the 
life and death hazard of war became that achievable only by the 
utmost human endeavor. 

One of the main agents in the reduction of the time required for 
manufacture is an ample and reliable supply of power. Under 
emergency conditions such supply of power becomes one of the 
controlling factors. This report deals with this fundamental require- 
ment of the war program and attempts to describe the procedure 
undertaken to provide for it. 

The supply of power in the United States is provided from two 
sources, one, by individual prime movers, either hydraulic, steam, 
or gas driven, limited to a particular factory or works, or to several 
contiguous to each other ; in the aggregate tnis is the largest source. 
Its continuity of power supply effects only the individual process, 
factory, or group concerned, and depends primarily on a continuous 
supply of fuel or a continuous supply of water and the reliability, 
maintenance, and operation of its machinery. 

The other source of supply is the central electric power station 
which delivers power to a great number of users, both large and 
small. The continuity of this supply thus affects the product of a 
community or district rather than of a single process or works. The 
reliability of this public utility service involves not only the ele- 
ments controlling tne individual plant but many others. 

The supply of fuel to the individual power plants, as well as to 
the central stations, was controlled during the war by the Fuel and 
Bailroad Administrations, and became one of their main problems. 
With this matter the War Industries Board had little to do. Its 
principal duty in power supply began with the public utility power 
station supplying electric power. 

This report, therefore, is limited generally to this central or 
public utility method of power supply, the conditions governing it, 
the shortage of the supply caused by the demands of the war, the 
efforts made by governmental agencies to fill the deficiency and their 
limitations, and recommendations of what should be done if a similar 
emergency arises in the future. 
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Pabt 1. 

OONDITIONS EXISTING IN THE POWER INDUSTRY DUR- 
ING THE WAR OP 1914-1918 BEFORE AND AFTER OUR 
ENTRANCE. 

To present a correct view of the conditions governing the supply 
of power by public-utility power plants during our participation in 
the war, it is necessary to explain those prevailing from 1914 to 
1917 prior to our entrance into the conflict, especially the unusual 
business and economic difficulties affecting public utilities from that 
time to the present. 

At the time of our entrance into the war power suj)ply was not 
one of the problems which attracted attention, because in April and 
during the summer months following the decreasing seasonal load 
prevented noticeable shortage. It is probable that it was thought 
the public utilities could provide power by a process of continuous 
expansion, and little consideration was given to the cost and effort 
necessary to do this. 

The ^at necessity for the additional supply of power in large 
(](uantities required by the extraordinary demands of war for quan- 
tity production was not known or appreciated. The real importance 
in the industrial world of the great public power station was not 
recognized generally, and one reason for it is that the entrance of 
the public-utility companies into power supply has been a develop- 
ment of recent years. It may be said broadly that it is only in this 
country that lar^e power companies have taken the place they are 
now filling in industrial life. 

Since the end of the last century, when the economic transmission 
of power in large units over long distances was demonstrated, and 
the early part of this one, when the steam turbine and automatic 
fuel-feeding devices were introduced, the electric companies have 
been passing through a process of development, not yet complete, 
from furnishing light and small amounts of power for fractional 
parts of a day at comparatively high rates to supplying lar^e units 
of power continuously over long periods of time at low wholesale 
rates. It is this latter class of power supply that proved to be 
greatly needed by the war program of production. !rlants of the 
central-station public-utility type did not exist except in this coun- 
try, and perhaps in Germany. The lack of plants of this character 
in England was particularly noted in official reports on the subject. 
Not all of the existing central-station electric companies in this coun- 
try, however, had recognized this new field or completed their pro- 
gram of development to meet its requirements. 

The condition of the power industry at this time was not alto- 

f ether favorable for easily meeting a sudden demand for more power. 
Q 1914, as will be shown, owing to the business depression caused 
by the outbreak of the war in Europe, the demand for additional 
onergy on the central stations of the country was much lower than 
usual. The demands for war munitions began to make themselves 
felt in 1915, and from that time until 1917 a steadily increasing 
demand showed in the returns from the central power stations of the 
country. 
34 
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The best statistics obtainable are from the Electrical World, and 
from them the following table is derived : 





Statistics of potoer industry, 1914-1918. 






Year. 


KOowatt-hoar 
oatput. 
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1914 


16,604,000,000 
18,401,110,000 
22,788,000,000 
26,735,700,000 
29,512,850,000 






8336,800,000 
860,890,000 
414,370,000 
474,424,000 
529,010,000 






1915 


1,797,110,000 
4,386,890,000 
8,997,700,000 
2,776,650,000 


10.82 
23.5 
17.6 
10.87 


824.076.666 ' 7.i4 


1916 


53.500.000 1 14.88 


1917 


60.064,000 ' 14.48 


1918 


54,586.000 11.50 










12,908,859,000 


77.74 




192.210.000 ' S7.0A 











If the United States census figures of 1912 are used, a gross in- 
crease in output from 1912 to 1918 of 17,980,000,000 kilowatt hours, 
or 155.8 per cent, is shown. 

The effect of the war is clearly shown. With 1916 there began 
a great increase in demand, which culminated in 1917 and 1918. 
In the latter year it was not fully met because of lack of generating 
capacity, the available spare capacity being nearly exhausted in 
1917. The output at the end of 19lt and beginning of 1918 was 
also affected by a coal shortage and a severe winter, retarding in- 
dustry. The relatively lower increase in gross revenue for the cor- 
responding increase in output is due to tne fact that the new de- 
mand was for power in bulk for manufacturing purposes at lower 
rates than the demands of average years under usual conditions. 
Thus the gross revenue per kilowatt hour decreased with each year. 
It was 2.028 cents in 1914, but in 1918 was only 1.79 cents. A dia- 
gram attached sliows the comparative changes as percentages of 
increase of each year over the preceding one. 

Note. — ^It was hoped to obtain reliable figures of a sufficient num- 
ber of representative companies to permit similar diagrammatic 
comparisons of net revenues. This proved impossible. Such re- 
turns as were obtained, however, showed decided decreases in per- 
centage of net return as compared with previous years. The effect 
of tliese decreases, however, can be shown by the losses in value 
of the securities of standard power companies during the period 
of the war when many other industrial corporate securities were 
appreciating in value. 

Values at certain dates. 



Name of company and bond. 



Prewar 

June 27, 

1014. 



Klnes Coonty, N. V., Electric, first fours, 1940 83) 

rortland, Orag., Railway, Steam & Po«er, first and , 

refond staking ftmd. fives, 1942 93 

Tri city Bailway & Light, Davenport, Iowa, first . 
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Detroit, Edison, first collateral trost , fives, 1933 100} 

PicLfio Gaa & Electric Co., unif^inj; and refund, ' 

fives IflBT .... ... .. ... .. . ... ..... 929 

Union' Electfic Light A l^ower, Cincinnati, fiist ' 

fiirsi,1982 j 100 

t No bid offered at 72|. 
s No bid. 

> No bid offered at 75. 
« No bid offered at 07. 
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Many central station companies had arranged programs of expan- 
sion to meet their usual periodic requirements for adcutions and some 
large additions were completed in time for the emergency. Many of 
these projects, however, were suddenly disturbed and in many cases 
broken up completely by the sudden demand made in 1917 oy the 
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Government on the electrical machinery manufacturers for turbo* 
generators of all sizes. Many were for propulsion purposes, but a 
number of large generators were for Government mumtion plants. 
As these demands of the Government required priority they at once 
affected the time of completion and delivery of generators for public 
power plants, and also their cost which immediately began to nse. 
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The resuItB made themselves felt in 1917 and by the middle of 1918 
had extended practically to all the appliances and auxiliaries necee- 
niy to the construction of power plants, and great delay and em- 
barrassment were caused construction then in progress. 




Control of the program of manufacture of power machinery and 
appliances was assumed by the Govenmient through the War In- 
dustriee Board about May, 1918, and the efforts oi the power and 
equipment section of the board were thereafter devoted to the accelera- 
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tion, regulation, and distribution of production until the end of the 
war. 

Furthermore, the cost of all materials and supplies going into the 
construction and operation of central power plants increased very 
rapidly from 1914 to the end of the war. Copper rose from 11.3 
cents to 36 cents a pound in 1917; structural-steel shapes from an 
average price of 1.16 cents to 3.66 cents in 1917, and other steel 
products increased in price from four to six times over 1915. Fuel 
more than doubled in cost in many cases. Labor, under the war de- 
mand for increased output as well as for men for the Army, became 
more and more difficult to get, the supply became irregular, and wa^es 
increased greatly. In consequence the cost of building central station 
power plants greatly increased and there was, of course, a large in- 
crease in the expense of generating electric energy. The increased 
cost of building was estimated at over 100 per cent. 

The money market, so far as the issue of securities of public utili- 
ties was concerned, became very restricted. After the reopening of 
the exchanges in 1914 the market became less and less able to absorb 
them on account of the war demands in other directions, until in 
1917, when the Government went into the money market to sell 
Liberty bonds, it became impossible to sell utility securities except 
at prohibitive discounts. 

Still another condition prevented the increase of central power- 
station capacity throughout the country. This obstacle arose largely 
from the causes mentioned and related to the question of increasing 
compensation on account of the effects of the war, the permanence 
of these rate schedules after the war, and the method and rate of 
amortization of war excess costs of construction. These problems had 
a decided effect on the flow of capital into the power industry. 

Referring first to the matter of construction costs and their amorti- 
zation, it has been seen that a plant built at advanced construction 
prices during the war carried an excess cost over prewar conditions 
of a hundred per cent at the least. 

This excess cost increased the fixed charges, both for interest and 
amortization, which must be covered by increased rates. These fixed 
charges would not be reduced after the war except in part, possibly 
by refunding outstanding mortages. 

In consequence, were construction undertaken, it would be neces- 
sary to increase rates permanently to provide for the increased capi- 
tal charges. This permanent increase for abnormal costs might prove 
troublesome and perhaps a source of loss in future years. 

The raising oi public rates is a serious Question with a public- 
utility company and is usually resorted to only when very necessary. 
These rates may be increased m most States by filing a new scale with 
the commission regulating such matters, and they go into effect after 
a prescribed period of notice has elapsed, provided they are not ques- 
tioned during this period. In some States rates may be suspended 
by action of the corresponding regulatory commission. At any time 
a rate scale can be called into question by the public and an inquiry 
as to its fairness had at the expense of the State. The necessity ot 
showing cause and the burden of proof are on the contestant. Maxi- 
mum rates set by the legislature of a State, it is understood, can be 
questioned only by proceedings before a competent court on the 
ground that they aVe confiscatory. 
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General rate increases are usually subjected to careful and elabo- 
rate investigation by the commissions having jurisdiction, expensive 
and lenffthy procedure, valuation being the usual rule- 

For these reasons and the further one that increases in rates are 
very apt to arouse public prejudice and antagonism against the 
utility, this method of relief from increased costs of production is 
generally resorted to only when the imperative necessity for it is 
lully and publicly established. 

under the conditions incident to the war, however, a number of 
utilities selling energy found their costs of production mounting 
rapidly and net profits diminishing below the fair return which they 
should earn upon their investment. Thus increasing business in- 
creased the gross earnings^ while net earnings steadily diminished, 
and this larger business as it approached the ultimate capacity of the 
plant brought disadvantages of service and dangerous risks oi break- 
down, which might well prove disastrous to the whole business of the 
plant. In such cases it was necessary, therefore, to apply for an 
increase in rates even at the risk of opposition and unpopularity. 

The question of increasing the size or number of plants to develop 
the power demanded became grave and difficult, particularly as the 
duration of this demand was quite uncertain. Is construction costs 
and the cost of money were abnormal, and net earnings decreasing, 
due to increasing operating costs, the rate of return which would be 
allowed on additional investment became a controlling factor to the 
extent that new capital was not to be had without adequate assur- 
ances as to the soundness of the enterprise. 

To sum up briefly, in our first year of war the power industry was 
confronted with a neavy demand for additional output of power, 
superimposed on an increased production of 38 per cent supplied in 
1915 and 1916, and under the following conditions making fulnllment 
most difficult : 

1. SeUlng price of product fixed by regulation. ReUef restricted and doubt 
as to its permanence. 

2. Very greatly increased cost of operation. 

3. Very greatly increased cost of appliances and construction. 

4. Possible decrease of net earnings if these conditions continued In succeeding 
year. 

5. InabUity to get machinery and suppUes in time to meet the demand of the 
Government's war requirements. 

6. Market for securities unfavorable during preceding two years and prac- 
tically closed in 1917 on account of sales of Government war bonds maldng 
funds impossible to obtain except at discounts involving certain loss. 

With these conditions only the most prosperous and foresighted 
companies could cope and so provide additional power ; others could 
only look forward to increased load at an increasing cost of produc- 
tion with possibly decreased net return until the limit of their 
capacity had been reached and they would then find themselves in 
constant danger of disastrous interruptions to their service. 

It was from six to nine months after April, 1917, before these 
conditions became known and investigations were be^n. When 
completed, it was found that the industry was called on for its share 
of increased service without the sources of relief at the command 
of other industries that by their circumstances had promptly com- 
pelled Government attention and assistance, or could meet additional 
war costs by freely increasing prices for their products. 



Part 2. 

DESCRIPTION OF THE GENERAL SHORTAGE OF POWER 
AND EFFORT MADE TO ALLEVIATE THIS CONDITION. 

While the shortage in 1917 was precipitated and increased by the 
very severe winter of that year, which decreased the hydraulic-power 
supply and created a shortage in fuel, it is nevertheless true that 
regardless of weather and rael in several of the^ great industrial 
districts of the country a real shortage existed in power supply 
and in the plant capacity necessary to meet it. This can not usu&Uy 
be expressed in exact figures because the fact that a known short- 
age existed deterred possible users from coming forward. One 
examnle will suffice to illustrate conditions. In the Niagara Falls 
and Buffalo district through the entire war the chemical and steel 
industries had a capacity of machinery and plant on hand available 
for production purposes about 20,000 horsepower more than the 
power they could obtain when the power plants at and near that 
district were running at 100 per cent of their capacity. 

Any exact statement of the industrial sections that suffered from 
power shortage from the fall of 1917 through the summer of 1918 
IS difficult. The shortage developed slowlv. In the late summer of 
1917 the Canadian Government was confronted with demands for 
additional power at and near Niagara Falls, and the advisability of 
decreasing the export of power to the United States was at once sug- 
gested. Sut power generated on the Canadian side of Niagara Falls 
and exported to the United States was a very important source of 
energy in the Niagara Falls-Buffalo district. Complaint was there- 
fore immediately made to the Secretary of War, who directed Mr. 
Robert J. Bulkley, head of the legal committee of the War Industries 
Board, to investigate the matter and secure an equitable adjustment 
with the Canadian Government. The Canadian Government was 
represented by Sir Henry Dravton, who had been appointed power 
controller for the purpose of dealing with the power stringency at 
and near Niagara Falls. A provisional arrangement was arrived at 
under which, m view of the tact that Canada and the United States 
were allies in a common cause, it was agreed that no reduction should 
be made in the amount of power exported from Canada until after 
a careful detailed investigation of the uses of Niagara power on both 
sides of the border, a corresponding ascertainment of the strict war 
needs of the industries and communities in that locality, and a re- 
distribution of the power available on each side so as to supply most 
fully the respective war industries in the order of their importance. 
The appointment of a director of power was also proposed, so as 
to insure the limitation of the use of power to war mdustries. On 

40 
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reporting to the Secretary of War this proposal was approved, and 
he appointed Mr. Bulkley and Brig. Gen. (then Col.) Charles KeUer, 
of the Corps of Engineers, to represent him jointly m this district. 

The necessary careful examination into the use of Nia&^ara power 
was made in November, 1917, the force of tibe United otates Lake 
Survey bein^ used for the field investigation, and agreement finally 
concluded with the Canadian authorities as to a common policy for 
power supply and its use in the Niagara district, 

A power shorta^ began to develop in Pittsburgh in November, 
1917, and the priorities committee of the War Industries Board, after 
some meetings at Washington and some correspondence, asked Mr. 
Bulkley to act for them in the matter. Mr. Bulkley went to Pitts- 
bui^h in December and adjusted the situation there. 

President McCall, of the Philadelphia Electric Co., in December 
called attention to the probable power stringency in Philadelphia, 
Pa. New Jersey suffered from a shortage in fuel and power, and 
New England also began to run short early in the winter. In tl anu* 
ary, 1918, Pittsburgh again became troublesome, and a disastrous ice 
jam at Niagara cut ofi a large part of the hydraulic power supply 
at that point. 

In other words, a shortage of power supply threatened in many 
places and a thorough inveSigation was begun by the power section 
of the War Industries Board, an agency newl^r created for the pur- 
pose of taking cognizance of all qu^ions relating to the supply and 
distribution of power for industries manufacturing articles essential 
to the prosecution of the war. The creation of this board was sug- 
gested by Gen. Keller and authorized by the Secretary of War. At 
its head was Mr. Frederick Darlin^on, of New York, an eminent 
electrical engineer, whose public spirit, high character, accomplish- 
ments, and professional standing peculiarly qualified him to act as 
the technical head of the organization with which Mr. Bulldey and 
Gen. Keller continued to act in all matters involving large questions 
of public policy. The working force of the power section consisted 
of officers of the Engineer Beserve Corps selected because of their 
known qualifications as electrical engineers. Under the direction of 
Mr. Darlington, these officers performed the work of investigating 
power conditions throughout the country. This investigation showed 
that the sections particularly affected by war demands were the in- 
dustrial districts, which may be designated as follows : 

LOCATIONS OF SHORTAGE. 

Niagara Falls, Buffalo, and the territory depending on power 
supply from Niagara Falls, along the lines of the Niagara, lock- 
port & Ontario l^wer Co., in northwestern New York, as lar east 
as Bochester and Sjo'acuse. 

Pittsburgh and neic^hboring cities, including Wheeling, Canton, 
Massillon, Alliance, Akron, Youngstown, and Connellsville. 

The New England States, particularly^ Massachusetts, the southern 
portions of Vermont and New Hampshire, southwestern Maine, and 
Connecticut. 

The State of New Jersey. 

Philadelphia and eastern Pennsylvania. 

Baltimore, Md., and Wilmington, Del. 

T108— 21 i 
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The Pacific coast. 

Other smaller sections developed acute shortages during the year, 
notably : 

Several localities in the Southern States. 

Norfolk and Hampton Boads. 

The Virginian Power Co. and the Appalachian Power Co. in West 
Virginia. 

Bucyrus and Mansfield, Ohio. 

Lorain, Ohio. 

Little Bock, Ark. 

CAUSES OF SHORTAGE. 

The main causes for shortage of power supply in these districts, 
which it will be noted covered a large part of the industrial area oi 
the country, were : 

(1) Shortage of fuel principally caused by lack of storage and m 
some degree possibly by deficient railroad transportation or inade- 
quate production. 

(2) Shortages of water power due to adverse weather conditions 
in both the winter and summer of 1917-18. 

(3) Lack of capacity of central electric-power plants to meet the 
extraordinary war demand. This was due to reasons already de- 
scribed. 

The first of these. causes could have been prevented if, in 1917, 
ample storage had been provided in sections where transportation 
was subject to congestion as in New England. 

The second cause it was not possible for the power interests to 
prevent. 

The third cause could have been prevented if it had been foreseen 
or realized earlier ; but, further, might have been partly relieved by 
the end of 1918 if the proper action could have been taken early in 
1918, when investigation first disclosed this contributory reason for 
the wortage. 

As the separate several cases of power shortage developed from 
the fall of 1917 to the spring of 1918 they were met by various 
methods and, in certain specific cases, by direct aid in the form of 
power machinery installed in connection with contracts for particular 
products required by the Army, the Navy^ or the Emergency Fleet 
Corporation, the cost of this machinery bemg absorbed to a greater 
or less extent in the cost of production. These arrangements were 
not, however, at first referred to any central authority for informa- 
tion and advice. There was, in fact, no such authority imtil the 
power section of the War Industries Board was organizea, but when 
this had been well established such references were made and good 
results followed. In the fall of 1917 so many complaints of power 
insufficient to handle contracts placed by the Army m certain locali- 
ties were received by the Power Administrators that an order was 
issued by the Secretary of War on December 28, 1917, and another 
on March 25, 1918, prohibiting the placing of further orders for 
Army supplies in tne localities concerned except with the approval 
of the War Industries Board. These orders remained in effect until 
the end of the war. Copies are appended marked ^ Exhibit A*' and 
« Exhibit B.'' 



THE POWEB SITUATION DURING THE WAB. 43 

The fuel situation became very acute during the severe winter of 
1918, particularly in New England and along the Atlantic coast, not 
only on account of the difficulties of transportation by rail but also 
because the supply of fuel to New England normally is largely by 
water, while the Emergency Fleet Corporation and the Navy had 
taken over practically all coastwise shipping facilities, tugs, barges, 
etc., for other purposes, and therefore supply by this means was 
greatly restricted. The cold winter and the abnormal quantity of 
!ce in the harbors also served to hinder water transportation. 

FUEL ADMINISTRATION MEASURES. 

Coal supply by rail was also greatly impeded as far south as the 
Eastern Snore of Maryland by the congestion of freight which had 
to pass through the five great rail portals to the Eastern Atlantic 
coast, until on June 11, 1918, the Fuel Administration issued a cir- 
cular recommending that work re<juiring the use of more fuel be 
excluded from the area east of a line drawn north and south near 
the eastern boundary of the State of New York, from Canada to 
near Schenectady, and thence through Binghampton, Williamsport, 
Altoona, Shippensburg, and Baltimore. 

This recommendation prevented orders going to some sections Uke 
New York City, where power was plentiful. In spite of all these 
restrictions the impossibility of manufacturing certain articles in 
other sections, the urgency as to time of delivery, etc., forced man^ 
increases of power demand in the restricted territory and made addi- 
tional supplies of power there even more urgent. 

The Fuel Administration also took up, through its Conservation 
Division, an investigation of the possibility of saving fuel by several 
methods involving— 

{a) Tbe shutting down of smaU and also old and inefficient plants and the 
transfer of their loads to large and more efficient plants. 

(&) The Interconnection of power plants by transmission lines to utilise load 
and diversity factors to better advantage. 

(c) Substitution of water power for steam power. It will be noted that this 
was essentially a duplication of studies already Inaugurated by the power 
section. 

ARMY, NAVY, AND SHIPPING BOARD INVESTIGATIONS. 

The Ordnance and Construction Divisions of the Armv made a 
number of investigations as to power required for manufacture of 
&;uns and armor, as well as for nitrate and i>owder plants. The 
Navy Department also carried on similar investigations. 

MAIN PROBLEM. 

The proper solution of the ^wer problem should have as to its 
object to aevelop power at pomts bc^ situated for its production 
and application, to produce it in large units of high efficiency so as 
to conserve fuel, machinery, and labor and material for construc- 
tion; to increase the availaole supply by cooperation between and 
interconnection of stations ; and to administer the supply of jpower 
so developed as to give the maximum output of war supplies re- 
quired by the Government. This was required to be done in the 
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shortest possible time. Time in war is not evaluated in money, but 
in terms of lives as time is gained or lost in equipping armies for 
effective action. Particular attention is drawn to this point for the 
reason that it was the dominant factor in the engineering plans rec- 
ommended for furnishing additional power in several of the dis- 
tricts where shortage occurred. In other words, methods and plans 
were adopted for cooperation and interconnection which, while valu- 
able or convenient in time of peace, were justifiable mainly because 
of the war. It took this emergency to show how much these methods 
could accomplish in economy of production as well as of first cost 
due to less reserve equipment being required. 

MAIN DIFFICULTY ENCOUNTERED AND PARTIAL SOLUTIONS. 

The main obstacle to a quick solution of the power difiiculty 
was the lack of legal authority to make direct advances of public 
funds to enlarge going power plants or to build new ones. As the 
several problems were studied and solutions presented and urged for 
action in the spring of 1918 by the power section, this was the final 
difficulty not surmounted in a comprehensive way. As stated above, 
it was met in a limited way by certain Army supply contracts which 
included the costs of necessary plant in the cost of manufacture and 
provided for the ultimate purchase of such plants by the contractors. 

The most ^eneraUy usetul plan for affording Government aid was 
worked out by the power committee already referred to, consisting 
of Mr. E. J. fiulkley. Brig. Gen. Keller, and Mr. F. Darlington^he 
credit for which belongs mainly, however, to the first named. This 
plan was based on the fact that the only way of obtaining funds for 
additional power-generating facilities was from the great active 
governmental agencies, such as the War and the Navy Departments, 
uie Shipping Board, etc., which already had appropriations available 
for work and supplies. The plan contemplated ascertaining which 
department was most involved or interested in the output ox a par- 
ticular district where shortage existed and with due regard to the 
relative demands of the departments, that the selected department 
contract for electric energy to be sold by it in turn to its contractors 
for Supplies in such a way as to provide funds for the building and 
development of additional plants, parts of plants, and interconnec- 
tions found necessary. This required an analysis of the business of 
the larger customers of the utility company or companies in a given 
section so as to determine what the products of the section were and 
to which departments they were being supplied- Three main sections 
were treated in this way — Pittsburgh, rhiladelphia, and northern 
New Jersey. It was found that the l^ittsburgh section required the 
most additional power and monej'^, and the largest percentage of its 
product was taken by the Ordnance Department of the Army. Phila- 
delphia required large additions, and it was found that the Shipping 
Board had the largest single interest there. The Navy, in turn, had 
a material interest in the output of northern New Jersey. Taking 
due regard of the relative amounts of assistance needed and of the 
requirements of these governmental agencies, it was decided to ask 
the War Department to aid at Pittsburgh, the Shipping Board at 
Philadelphia, and the Navy in northern New Jersey. This proposal 
was acceded to by the heaas of these governmental agencies and ne- 
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gotiations were taken up with the parties concerned. The war ceased, 
however, before these arrangements were consummated, except in one 
or two instances, notably those for building a new power house by 
the West Penn ^ower Co. at Springdale, near Pittsburgh, Pa., and 
additions to power plants at Brunots Island and at Lorain, Ohio* 
The form of agreement used in this contract is important, as it em- 
bodies a method by which Government funds could be advanced for 
plant construction under an order given for electric energy to be 
delivered by a new plant when completed or by others under the 
same control. Under this plan the amount advanced by the Gov- 
ernment was not to exceed 40 per cent of the actual cost of the plant, 
this being the estimated war risk, the utility company having to as- 
sume the remaining 60 per cent, and the contract provides for the 
payment of this loan while at the same time making provision also 
for protecting the power companv against loss due to war condi- 
tions — ^that is, against the war risK — ^this being done by a readjust- 
ment of the unit price of energy in a manner fully described in the 
contract. 

The amount advanced by the Government was really a loan. It 
was assumed, from general knowledge of the prices existing in 191S 
as compared with those of 1914 and 1915, that 40 per cent was a 
conservative estimate of the excess cost of a power plant built in 
1918 over what its cost would be when prices became normal, say, 
about five years after the war ended. 

INSTALLATIONS BT SEVERAL DEPARTMENTS. 

On similar lines, but not following the exact form, the Emer- 

faicy Fleet Corporation and the Ordnance Department of the 
rmy installed or assisted in the installation of a number of plants. 
At the time this report was compiled, the Emergency Fleet Cor- 
poration had installed 55,550 kilowatts in plants ana substations 
at certain industries and shipyards. The Ordnance Department 
of the Army had aided in the installation of 100,000 kilowatts of 
generating apparatus and transmission lines for a maximum de- 
mand of 200,000 kilo-volt-amperes, besides aiding a lar^e number 
of smaller projects, thereby nirnishing additional facilities for its 
munitions program. 

The Navy Department did very little in this line, except that it 
undertook to obtain power for the Public Service Electric Corpo- 
ration in New Jersey by cable connection from the New York Edi- 
son Co., in New York. This arrangement was not, however, com- 
pleted before the armistice. 

The plan devised by the committee of the power section worked 
well, but it had a certain possibility of delay, and it was neces- 
sary to follow the lines of logical development of the companies 
concerned which had to raise 60 per cent of the cost. On account 
of the emergency, however, the extensions demanded by the best 
interests of the United States departed more and more from de- 
velopments as planned by each company acting separately, and re- 
quired more immediate tnough sometimes temporary reliei by means 
of cooperation and interconnection between existing companies, in- 
volving large expenditures of money and many business, rate, and 
legal problems, as well as for facilities not ordinarily useful to 
these companies. 
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INSTALLATIONS BT UTILITY COMPANIES. 

The utility companies tliemselves could not justly be expected to 
tcope with this situation, particularly as to interconnections over long 
distances. While financial aid was necessary to a number of com- 
panies embarrassed by the circumstances of the industry, as de- 
tailed earlier in this report, on the other hand, during the preced- 
ing two years a large amount of machinery and plant, aggregat- 
ing about $200,000,0(K), had been installed by public utility compa- 
nies from their own resources. 

WAR FINANCE CORPORATION. 

In a few cases the utility companies were able to take advantage 
of the method of financing oflFered by the creation of the War Pi- 
nance Corporation. This corporation had the power to rediscount 
securities accepted by banks as surety for loans to utility corpo- 
rations. It also could loan funds directly to utility corporations 
on satisfactory securities to the extent of 80 per cent of their full 
value. This source of relief was too limited to meet the necessi- 
ties of the situation in most cases requiring aid, although advances 
to the amount of $40,858,900 were made up to November 30, 1918. 

THE FINAL PLAN OF RELIEF. 

PROPOSED RELIEF. 

In order to definitely remedy the power shortage after consulta- 
tion with the other departments of the Government and interests 
concerned, and after final approval by the President of the course 

Proposed, the War Industries Board, in August, 1918, requested 
congressman T. W. Sims, chairman of the House Committee on 
Interstate and Foreign Commerce, to introduce a bill the object of 
which was to allow the President to provide means for the better 
utilization of existing sources of power and the development of new 
sources. It providea $176,000,000 for the purchase and building of 
power plants. The bill was drawn on broad lines, authorizinff the 
building of power plants, the increase in capacity of private plants 
or assistance in equipping or expanding such plants, the purchase 
of power plantSj the leasing of plants or taking over of their prod- 
uct and its distribution, ana the construction of pipe or transmission 
lines necessary for distribution or interconnection. Authority was 
further given to change, cancel, or suspend any existing and future 
contracts for power so that it might be distributed to the advantage 
of the production of war material. New corporations could be 
formed, private or public rights acquired, mergers or consolidations 
of private plants could be made, and property acquired could be duly 
sold, if desirable, under certain reasonable restrictions. This bill* 
known as H. K. 12776, would have solved the problem of obtaining 
additional power and would ultimately have made available means 
for relieving many loc^ties where power was short. 

The bill was supported in person before Congress by the Secre- 
tary of War, Chairman Baruch of the War Industries Board, and 
Director Garfield of the Fuel Administration ; also by the Shipping 
Board, the War Finance Corporation, and others. Its passage was 
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urged by all familiar with the problem of sufficient power supply. 
It passed the House and in due course was submitted to a Senate com- 
mittee for investi^tion, when the events leading up to the German 
defeat began and uie consideration of the bill ceased with the signing 
of the armistice. It is proper to state here that the Senate commit- 
tee had not approved the bill as presented to it and had one or two 
substitutes under consideration when the war ended. A copy of the 
bill is appended, marked ^' Exhibit C." 

This method of conserving and increasing the power supply, ob- 
viously the only method easy and direct, as well as comprehensive, 
had been proposed early in the year, practically as soon as the gen- 
eral character of the power shortage oecame evident. At that time, 
however, and later on several occasions it was impossible to secure 
for it the necessary official support. Thus it was 16 months after 
our entrance into tne war that a really comprehensive program met 
with official and legislative support, and even then action for its 
adoption was far m>m prompt. The remedy for this condition of 
affairs is discussed in another place. 

ADMINISTRATION OF SHORTAGES IN 1918. • 

Slight additions only had, therefore, been made to the power plants 
where shortages were learea.and in due course they began to develop 
in the fall of 1918; first in JBaltimore, due to low water flow in the 
Susquehanna River, from which water power was supplied to Balti- 
more; then in New Jersey, Philadelphia, and Pittsburgh, from 
breakdowns in machinery and overloads; and again in the South, 
particularly in Gteorgia, on account of drought and low water sup- 
ply and consequent deficiency in hydroelectric power. To meet the 
difficulties it seemed advisable that power be assigned on a preferen- 
tial basis, and in October a method for the preferential assignment 
of power was placed in effect by the War Inaustries Board. 

The method of apportionment of power described below was put 
into effect about October 1 by the priorities committee in order to 
supply power in the proportions deemed most necessary to the various 
inaustries engaged m the manufacture of war products. Prior to 
this decision several other methods had been tried, which although 
effective in some instances, did not prove thoroughly satisfactory. 
The most common of these was one known as the rotation method. 
This method consisted in the following arrangement : 

When a shortage of power existed in a given territory and the 
power for nonessential uses had been reduced to a minimum, the re- 
maining customers were notified that thereafter on certain days in 
each week or certain hours in each day they would receive only a 
fraction of the power they required or no power at all. When this 
was confined to short intervals in a day, so short that it did not in- 
terfere with the work of the employees, this method met with fair 
success but it was not successful beyond this point. ^ Further, this 
method was applied without discriminaton as to the importance in 
the war program of the various industries. This was a vital point 
and was covered by the priorities committee in^ Circular No. 20, 
known as Preference List No. 2, issued at the beginning of Septem- 
ber, 1918. In this preference list industries are arranged in four 
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classes, graded in importance from class 1 to class 4 — class 1 being 
those industries and plants of exceptional importance in connection 
with the prosecution of the war, their importance being so high that 
their requirements must precede those of the three remaining classes 
in order that they might receive their full allowance of power at all 
times. Except in extreme cases, all small consumers having a con- 
nected load of 100 horsepower, or less, were included in class 1. The 
possible saving in electric enersy through curtaihnent of such small 
consumers would not justify we losses and industrial disturbances 
that would follow. 

Classes 2, 3, and 4 took preference in the order named and were 
given a relative weight, after class 1 had received full service^ of 6, 
8, and 2. The power requirements of each class were multiplied by 
these figures and the sum of these products divided into the power 
availabfe gave a decimal fraction wnich multiplied by the weighted 
loads gave the amounts of power to be allotted to each class. Under 
this arrangement the power allotted to these classes would always 
fill a proportion of their demands in the ratio 6, 8, and 2. It is possi- 
ble under this arrangement that when classes 2 or 3 had extremely 
small requirements in proportion to the total demand of the district 
they mignt receive an amount in excess of their respective needs. In 
such case this excess was to be distributed between the classes given 
incomplete service. If only one class were left incompletely served 
the overaUotment of the other two was to be assigned to it. The 
service ffiven to a specific industry depended therefore on its classifi- 
cation by the priorities committee — this classification having been 
determined from returns made by the company concerned. The rat- 
ing of a company could be changed as between the various classes by 
a rerating of the priorities committee. 

So far as it was used this apportionment of power proved satis- 
factory and inconvenienced the more important war industries to the 
smallest extent. It was applied in the shortages arising in the fall of 
1918 in New Jersey, Baltimore, Philadelphia, and Pittsburgh. 

A copy of Circular No. 45 of the War Industries Board covering 
this subject is appended,^ marked ^ Exhibit D." 

RBVIBW AND CONCLUSIONS. 

This brief resum^ of the gradual realization of the importance 
of the supply of power to the war program and the various attempts 
to relieve the situation until its conditions were understood must be 
given to prove that its great value was finally appreciated and 
active measures taken to provide for it. 

It is plainly shown in the tables of power requirements for each 
district, as estimated for the winters of 1918-19 and 1919-20, that 
the supply was insufficient for the prompt supply of materials of 
war for our first army of 2,000,000 men. The great necessities with 
which to make the scientific war of these times beyond the actual 
fighting soldier are raw material, labor manufacturing appliances^ 
transportation facilities and power, with brains and money to com- 
bine them. All these we had in abundance, and we provided more 
or less successfully for their combination and control, with the ex- 

* Not printed. 
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oeption of power. This we neglected, for it was assumed we had 
it m quantity. Only the sudden end of the war prevented this from 
being shown by a serious shortage of power supply with which to 
meet the increased demands for the equipment of an army of 
5,000,000 men. 

Only the ending of the war prevented conclusive proof that we 
has made the same mistake as England, but to a smaller relative 
extent, namely, provided our factories and raw materials and placed 
orders for finished materials without sufficient power to manuiacture 
them promptly. 

It is necessary to establish these facts in their order to prove the 
point at which this report is directed. The supply of power should 
have been g^ven primary attention at the bemnning oi the war, the 
same attention that was given to the methods ana means of trans- 
portation, both on land and sea. Suggestions of the methods to be 
pursued in case of another emergency are given later in this report. 
Immediately following is given a very brief summary of the diffi- 
culties encountered in endeavorinjg to provide additional power in 
the most important industrial sections, which shows the necessity for 
taking immediately on the opening ox another great war the course 
proposed in part 4. 



Part 3. 

BRIEF DESCRIPTION OF THE POWER SHORTAGES IN 
THE MOST IMPORTANT SECTIONS AND THE METHODS 
OF RELIEF. 

A summary is given here of the power shortages existing and the 
methods taken to relieve them in the important districts of — 

Niagara Falls and Buffalo, 

Pittsburgh and eastern Ohio, 

The New End^and States, 

The State of New Jersey, 

Philadelphia and eastern Pennsylvania, 

Wilmin^on, Del., and Baltimore, Md., 

The Pacific coast, 
where a full supply of power was most necessary. The detailed ac- 
count of what was done in these and other locations mentioned is 
given at length later in this report. 

THE NIAGARA FALLS-BUFFALO DISTRICT. 

POWER SUPPLY. 

The Niagara Falls-Buffalo district was one of the first to develop a 
demand for power in excess of possible supply, and the problem and 
procedure there will be briefly described. The industrial area so 
designated covers the northern and western portion of the State of 
New York from Buffalo to Syracuse and draws its supply of power 
from hydroelectric plants from the Salmon River on the east to the 
Niagara on the west, including many small powers between the two. 
This hydro power is supplemented by a number of steam plants, the 
largest being at Buffalo, Lyons, Rochester, and Syracuse. The prin- 
cipal companies furnishing power in the district are the Hydraulic 
Power Co. and the Niagara Falls Power Co. (now consolidated), 
the Buffalo General Electric Co., the Niagara, Liockport & Ontario 
Power Co., the Rochester Railway cS; Li^t Co., and the Syracuse 
Lighting Co., with other smaller generating and distributing com- 
panies which in many cases use power furnished by the larger com- 
panies mentioned. 

The principal industries in this district are very important in case 
of war and comprise the great chlorine, phosphorus, and other chem- 
ical plants at Niagara Falls, large ferroalloy, electrode, and carbide 
factories, aluminum works, and a number of electric steel furnaces. 

POWER AVAILABLE. 

Including all power resources, such as Canadian supply, steam 
stations, contributions from Rochester and Syracuse, there was an 
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apparent available operating capacity of 483,600 horsepower, but 
until the middle of 1918 the highest total realized from the four 
larger companies in the district just mentioned was about 476,000 
horsepower. Of this power about 91,000 horsepower was imported 
from Canada, about 275,500 produced by hydraulic power in the 
United States, and 117,100 produced by steam in this country. 

The problem in this district was particularly one of producing con- 
tinuous power. Except in Buffalo, a steady demand existed for all 
the 24-hour energy that could be produced. Additional water power 
by further diversions of water from the Niagara Biver was not ob- 
tainable in time to be of value in the war, for in addition to the time 
necessary for construction international agreements involving legal 
and pohtical problems on both sides of tne Niagara River would 
have taken too long to overcome. 

ACTION TAKEN. 

Three things could be done : First, by cooperation with the Cana- 
dians to maintain the present supply of hydraulic power from them, 
supply them with necessary fuel for their needs, arrange for mutual 
restriction of use of power to war necessities, and, in general, co- 
operate to accomplish this common object. Second, to mcrease the 
size of the steam plants and utilize all steam plants, whether efficient 
or not, to relieve the acute shortages recurrmg from time to time. 
Third, to increase the hydraulic power available by utilizing the 
water at higher efficiency to the limit of diversion allowed by treaty. 

Mr. Bulkley and Gen. Keller, with the support of the Secretary of 
War, applied themselves energetically to this problem on these lines, 
and while they could not hope to secure sufficient power to supply the 
possible manufacturing capacity of the district, they made remark- 
able proCTess, more than was actually made in any other section. If 
the war had lasted another year a large amount of additional power — 
over 100,000 horsepower — would have been available. 

Briefly, this was accomplished by the following means : The Cana- 
dian legal, political, and cooperative conditions were adjusted by 
Mr. Bulkley and Gen. Keller. Immediate steps were taken to restrict 
the use of electric power to essential war production throughout the 
whole re^on using power from any of the sources of supply men- 
tioned. This involved restrictions in most of the cities and towns 
from Syracuse, N. Y.. to Dunkirk, N. Y., and an additional supply 
of power was realized for war purposes of over 30,000 horsepower. 
A satisfactory feature of the program was that of requisitioning for 
the United states Government the entire output of the Hydraulic 
Power Co. and the Niagara Falls Power Co. This was done by a 
requisition of the President of the United States and resulted in tak- 
ing control of the energy produced and apportioning it to the various 
chemical and other works in the district in the proportion indicated 
by preferences expressed by the priorities committee of the War In- 
dustries Board. It should be recorded that this course was adopted 
not because it was required to induce the companies to act for the oest 
interests of the Government, but to relieve them of possible legal com- 
plications which might have interfered with their most efficient 
action during the emergency. This arrangement worked perfectly 
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and harmoniously and undoubtedly produced the best results pos- 
sible. It further created a precedent which made it unnecessary to 
requisition the energy supply of other companies, either here or in 
other districts. As a matter of convenience it would have been 
preferable to extend this procedure, but it was not deemed expedient 
to do so. The detail of this part of the work is set forth in two 
reports to the Secretary of War, dated December 8, 1917, and May, 
1918, by Gen. Keller and Mr. Bulkley. 

STEAM ADDITIONS. 

As immediate relief from additional water supply was out of the 
question, attention was given the steam supply and its possible in- 
crease. It was found that both the Niagara, Lockport & Ontario 
Power Co. and the Buffalo General Electric Co. were endeavoring to 
increase their steam plants, the first by 15,000 horsepower and the 
second by 26,000. Every effort was made to assist them in this work 
by obtaining preferential treatment for their machinery and supplies 
and their transportation. It was hoped that this 41,000 horsepower 
would be available early in the summer of 1918, but the best that 
could be realized was to get the 15,000-horsepower unit going during 
July at part load. On account of unexpected tests, ddays, and 
troubles the generator of the Buffalo company was not started until 
after the war ceased. This was a good example of the shortage of 
steam turbine machinery and the delay in its delivery caused by the 
demands of the Navy, Emergency Fleet, and of other public agen- 
cies. Although ordered long before the war started and promisea f or 
delivery so that it was deemed certain it would be in operation in 
July, 1918, the Buffalo turbine had not been started on January 1. 
1919. 

It was found on investigation that certain additional supplies of 
power could be obtained by cutting off the supply of hydroelectric 
energy to certain smaller distributing companies throughout the 
State and making them start up their steam plants. This was not 
efficient from one standpoint but very effective from another. Quite 
material supplies of power in the aggregate were obtained, the 
greatest being obtained from the large piante of Syracuse and Boch- 
ester, which economized as far as possible in their use of hydro 
energy from the Niagara, Lockport & Ontario Power Co., ran their 
steam plants to full capacity as required, and supplied steam power 
to the Niagara system^ Minor changes were also made to improve 
the transmission arrangements of the Niagara, Liockport & Ontario 
Power Co. so that it could carry power to its customers around Ni- 
agara from the east instead of conforming to its normal distribution 
0? power derived from the west to the industries of the east. Strange 
as it may seem, it may be stated as a general fact that during the last 
year of the war no Niagara power was sent farther east than Lock- 
port, the demand beins so great around Niagara. Economies in the 
use of power in Buffalo were made by reducing the power allowed 
to industries nonessential to the war, the power so saved being used 
at Niagara. 

Arrangements were in progress to do this on a larger scale at the 
time of the closing of the war. 
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The power diflSculties of this district centered about the demands 
of the electrochemical companies, located at and near Niagara Falls 
and Buffalo, which employed electrical energy in comparatively 
large blocks. It was therefore most desirable to increase the hydro- 
electric output at Niagara so that while the power available was 
being redistributed and used to the utmost benefit an important 
hydraulic development was started and gotten well under way at 
Niagara Falls. This contemplated a large addition to the hydraulic 
power by more efficient utilization of the water already dfiverted. 
ITie relative efficiency of the two large water power companies, the 
Hydraulic Power Co. and the Niagara Falls Grower Co. was in the 
proportion of over 19 to 11. In ouxer words, a cubic foot of water 
used by the Hydraulic Power Co. was producing 19 horsepower while 
the Niagara Falls Power Co. was only producing 11 horsepower from 
the same flow. 

From the mass of discussion and the numerous plans on the 
utilization of Niagara water power Gen. Keller and Mr. Bulkley 
selected, and the Secretary of War authorized, the execution of a 
plan which as the result of exhaustive studies had been judged^ to 
be that which would furnish at the earliest date a sensible aodition 
to the power supply, while at the same time employing the water 
with high efficiency. Under this plan, when completed, all the water 
diverted from above Niagara Falls will produce about 20 horse- 
power per cubic foot of diversion, leaving the remainder of the fall 
of the Niagara River to be developed with corresponding efficiency 
whenever the market demand may justify and the law permit. 
While this plan had many advantages, it was selected mainly for two 
reasons : First, it did not interfere with any other plan proposed for 
the further and future utilization of Niagara on a larger scale, and, 
second, because it met the emergency of time to the best effect. In 
other words, it could be installed in a shorter time than anv other 
plan proposed. The plan proposed the use of the water then di- 
verted by the Niagara Falls Power Co. in an extension of the more 
efficient plant of the Hydraulic Power Co., and it further contem- 
plated the grant to that company of authority to divert permanently 
the unassigned 4.400 second-feet still available under tne terms of 
our treaty with Great Britain. 

In order to accomplish this object, many obstacles had to be over- 
come. The rights or the two companies had to be consolidated, and 
the State of New York had to consent to the consolidation. A bill 
was introduced in Congress to authorize the issuance by the Secre- 
tary of War of a 1 ing-time permit for the utilization and diversion 
of 4,400 cubic feet per second of additional water. This was neces- 
sary in order to justify the heavy investment required for new plant, 
Imt the companies were able to finance themselves if the legal mat- 
t<*rs referred to were arranged. The physical work to be done con- 
sisted in enlarging the intake and canal of the Hydraulic Power 
( 'o. and building an extension of the power house of this company. 
In spite of the many difficulties involved and the fact that Congress 
has not yet confirmed the arrangement made for the increased hy- 
draulic power provided, construction work was begun early in the 
summer of 1918, and 65,000 horsepower could have been obtained 
from this development by May 1, 1919. This was the largest and 
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quickest addition to the power resources of the country anywhere in 
tne United States. For the details of this project reference is made 
to the House bill No. 11871, Sixty-fifth Congress, second session, and 
the hearings thereon. This bill was never enacted into a law, but 
was ultimately disposed of by incorporating its provisions so far as 
was necessary in the general power bill, which is still before Con- 
gress. The power companies were, however^ given a revocable per- 
mit by the Secretary or War to use the additional amount of water 
required to develop a part of the increased power supply. 

TABLES AND DIAGRAMS. 

Three tables and one map are attached as exhibits showing the 
Niagara situation. Table A shows the capacities of the various 
power companies and the estimated shortage of the district. Table 
fe shows the savings of power made and ite reapportionment to the 
most important producte. Table C shows the general distribution 
of power in the districts after elimination of nonessential uses. The 
map shows the general scope and distribution system of the Niagara, 
Lockport & Ontario Co. Copies of the requisitions for and waivers 
of the output of the two large hydraulic companies are also attached. 

Table A. — Table of power available at presctit in Niagara FalUj Buffalo, an^ 
northern Neic York district. Additional potver to be installed in summer of 
J9J8 and actual shortage estimated in tcinter of J9I8-J9. 



CompanlM. 



Hydro 

power 

now 

(horse* 

power). 



I 



Niagara FaUs Power 

Co I 140,000 

I 

Hydraulic Power Co. ! 144, 000 

Niagara. Lookport & t 

' Ontario Power Co.. 69,000 

Bullalo General Eleo- ; 

tHoCo I 18,600 

TolAl ! 306,500 



Steam 
power 
now 
(horse- 
power). 



Steam 
power ad- 
ded this 
summer, 
new 
(horee> 



Steam 
power ob- 
tainable 

from 
Rochester 

and 
Syracuse 



I— 



power). I (horse- 
' power) 

I i 



I 



Adjust- 
ments 
(horse- 
power). 



Totals 
1018-19 
gross 
horse- 
power, 
available 
(horse- 
power). 



90,500 
80,000 



106,500 



f-37,500 
1+10,000 



1-27,600 



15,000 10,600 
•46,600 



r +37, 600 
-10,000 



+27,600 



61,500 10,600 ' 27,500 



n2,500 

144,000 
121,100 

107,500 



Actual 
shortage 

esti- 
mated for 
1918-19 
(horse- 
power). 




« 545, 100 



191&>1' 
latent 
shortage 
(horse- 
power.) 



100,000 
> 53,300 



113,300 
23,300 



136,(0) 



> Electro-chemical companies could nse these amounts in 6 months if obtainable, but would require 
additional cable and apparatus. 

* Shortage depends on supply fh>m Canada, Rochester, and Syracuse. Can be restdoted by cutting 
off comnUimal Industries. 

• Rated generator capacity. Restricted to 26,000 horsepower additlooel at present, due to lack of 
boUer capacity. 

* Line losses, repairs, spare machines not deducted. 

• Shortage due to firm power released to Niagara Falls Power (^. • Total actual and latent shortage. 
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Tablb B. — Niagara Falls-Buffalo district — Ina^eased allotiiients of power to 
essential electrochemical industries in April, 1918, as compared with power 
used in November, 1917, under normal conditions. 



Product. 


Ferrosilioon. 


Electrodes. • Abrasives. 

1 


Phosphorus, 

etc., sodium 

cyanide. 


Chlorine, etc. 




Nov., 
1917. 


H.P. 
178,964 
ts2,034 
>«3,000 

*9,176 


Nov., 
1917. 


1 

Apr., 1 Nov., 

1918. ! 1917. 

1 


Apr., 
1918. 


Nov., 
1917. 

H.P. 


Apr., 
1918. 


Nov., 
1917. 


Apr., 
1818. 


Union Carbide Co 
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Co...... 
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* Hydraulic Power Co.: Niagara Falls Power Co.; Niagara, Lockport & Ontario Power Co. 

* Used by Union CarMde Co. until April, when paper companies began ferrosilioon manufacture. 
' Hydraulic Power Co. 

< Nuuara Falls Power Co. 

» Buindo General Electric Co. 

 Power supplied by Niagara, Lockport A Ontario Power Co. 



Table O. — Niagara Falls-Buffalo district — Table shou)ing in detail the use of 
electric energy as produced during a typical period in the winter of 1917-18. 



[Percentage of total output.] 



1 



Direct war indnstries. 

TnouportatiaD purposes 

Street, commercial, and residence lighting: water supply. 

OQDmerclal power ccnsomers, over 100 horsepower 

fiman oommsroial power 

NonesMntlal purposes 



Niagara 

Falls 
Power Co. 



Hydraulic 
Power Co. 



73.53 
11.56 
7.81 
1.52 
3.61 
1.98 

100.00 



97.05 



1.06 
.13 
.78 
.00 

100.00 



Niagara, 
Lockport 
A Ontario 
PowotCo., 
NiamraA 
Erie Power 
Co. 



58.31 

21.21 

7.61 

5.04 

6.80 

.13 

100.00 



Buffalo 

General 

Electric Co. 



5a 27 

21.47 

13.99 

2.82 

7.49 

8.96 

100.00 
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TEMPORARY WAIVER OF DELIVERY OF HYDRAULIC, MECHANICAL, AND EUSCTRICAL 
POWER BY HYDRAULIC POWER CO., OF NIAGARA FALLS, AND CLIFF ELECTBIGAI. DIB- 
TRIBUTINO CO. 

Whereas the President of the United States, by virtue of and pursuant to the 
authority vested in him, and by reason of the exigencies of the national secari^ 
and defense, has placed an order with Hydraulic Power CJo., of Niagara Falls, 
and Cliff Electrical Distributing Co., on the 28th day of December, 1917, and 
on the same date has requisitioned from them the total quantity and output of 
hydraulic, mechanical, and electrical power which is capable of being produced 
and/or delivered by »Eiid companies, or either of them, through the use of all 
waters diverted or capable of being diverted through the hydraulic canal of said 
Hydraulic Power Co. and/or the plants and machinery of said companies con- 
nected therewith; and 

Whereas said Hydraulic Power Co., of Niagara Falls, and said ClifC Electrical 
Distributing Co., and each of them, have requested to be permitted to carry 
on their business of production, sale, and distribution of such power as is or 
may be developed or generated by them, respectively, in whatever manner and 
to whatever extent may be deemed to be consistent with the exigencies of the na- 
tional security and defense; and 

Whereas in the Judgment of the Secretary of War such exigencies will be 
provided for adequately for the time being If the hydraulic, mechanical, and/or 
electrical power capable of being produced and/or delivered by said companies, 
respectively, be sold by and for the account of said companies and distributed 
by them in the manner shown in the attached schedule ; and 

Whereas said companies, and each of them, have offered to waive all claim 
for compensation from the United States by reason of said order and requisi- 
tion and/or the delivery of power under the conditions set forth in the schedule 
hereto attached, save as to such power as actually may be delivered to the 
United States; 

Now, therefore, the Secretary of War, acting for and In behalf of the United 
States, hereby, until further notice to said companies, waives delivery to the 
United States of any of the power capable of being produced and/or delivered 
by said companies, on the express condition that said companies shall distribute 
such power as provided in the schedule hereto attached. 

Upon request of the Secretary of War, or his duly authorized representative, 
said companies, and each of them, shall furnish a sworn statement showing the 
users of said power during any specified period, together with the maximum 
quantity of power delivered daily and the rate of compensation charged to each 
user, and such other information as may be requested. 

Said Hydraulic Power Co. of Niagara Falls and said Cliff Electrical Dis- 
tributing Co., and each of them, hereby waive any and all right to com- 
pensation from the United States by reason of said requisition and order, 
and/or delivery of said power under the conditions hereinbefore Imposed. 

In witness whereof this instrument has been executed in triplicate on the 
28th day of December, 1917, on behalf of the United States by the Secretary 
of War, and the said companies have caused the same to be executed and their 
corporate seals attached by their presidents thereunto duly authorized. 



Secretary of War, 

Hydraulic Power Co. of Niagara Falls, 
By , 

Pre9id€fnt. 

Cliff Electrical DisTRiBuriNa Co., 
By . 

Presidemt, 

SCHEDULE. 



The Hydraulic Power Co. of Niagara Falls and the Cliff Electrical Distribut- 
ing Co., and/or each of them, shall deliver all power, delivery of which is waived 
by the United States as provided in the attached w^alver, under existing con- 
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tracts, to the persons now entitled to receive such power, with the following 
exceptions : 

1. The deliveo' of power developed by Hydraulic Power Co. of Niagara Falls 
through its penstocks, water wheels, and appliances, to which are attached 
electrical generators owned and operated by the Aluminum Co. of America, 
shall be reduced by so much hydraulic power as may be necessary for the 
development of four thousand (4,000) m. h. p. (whenever and to such extent 
88 said hydraulic power is needed to supply Cliff Electrical Distributing Co. 
witli mechanical power in order to furjiish electrical power as required by this 
schedule), wliich power shall be delivered by Hydraulic Power Co. of Niagara 
Falls to Cliff Electrical Disti-ibuting Co. for the generation of electrical power. 

2. Six thousand (6,000) rn. h. p. which is now being delivered by Hydraulic 
Power Co. of Niagara Falls to Cliff Electrical Distributing Co. for delivery 
in the form of electrical power to the Aluminum Co. of America, in accordance 
with the terms of a tripartite contract made by Hydraulic Power C3o. of Niagara 
Falls, Aluminum Co. of America, and Cliff Electrical Distributing Co., dated 
the 26th day of November, 1912. 

3. The delivery of electrical power to the following consumers shall be cur- 
tailed as herein indicated : 

Cataract Ice Co. and Niagara Falls Ice & Storage C!o. — ^The total delivery 
to these two companies shall not exceed 260 horsepower. 

Cliff Paper Co. — ^No power after January 2, 1918. 

Defiance Paper Co. — ^No power after January 2, 1918. 

Frontier Brick Works. — ^No power. 
Said Cliff Electrical Distributing Co. shall use the additional power deliverable 
to it from Hydraulic Power Co. of Niagara Falls, pursuant to this schedule, and 
the power made available by the curtailments herein prescribed or otherwise, 
to increase the amount of electrical power deliverable to the users named below, 
it being the intent hereof that they shall receive, respectively and continuously, 
the approximate amounts of electrical power set opposite to their respective 
names: 

B. H. P. 

Electro Metallurgical Co 41, 000 

National Carbon Co 6,000 

Oldbury Electro Chemical Co 6,000 

Hooker Electro Chemical Co ^^ 10, 000 

Niagara Alkali Co 6, 000 

Isco Chemical Co . 1, 400 

The foregoing table is based upon the ability of said Hydraulic Power Co. of 
Niagara Falls and said Cliff Electrical Distributing Co. to operate their plants 
and lines at full capacity and efficiency. 

Whenever said Cliff Electrical Distributing Co. shall have a surplus of elec- 
trical power above the requirements of its customers under the provisions of 
the attached waiver and this schedule it shall make distribution thereof to the 
customers on its lines in the following order of priority, viz : 

National Carbon Co. 

Oldbury Electro Qiemical Co. 

Electro Metallur^cal Co. 

Hooker Electro Chemical Co. 

Niagara AUcali Co. 

Isoo Chemical Co. (Inc.). 

National Electrolytic Co. 

U. S. Light & Heat Ck)rporation. 

General Abrasive Co. (Inc.). 

Titanium Alloy Manufacturing Co. 

Aluminum Co. of America. 
In case of a deficiency of the supply of said mechanical and/or electrical 
power said Hydraulic Power Co. of Niagara Falls and said Cliff Electrical Dis- 
tributing Co. shall withdraw such power first from consumers not named above, 
and then from the several named customers in the inverse order of the foregoing 
list so far as the same may be done without undue damage to the plants and/or 
products of said several customers. There shall, however, be no curtailment of 
power deliverable to public utilities or to small users employing an average of 
not to exceed one hundred (100) horsepower each until after all larger users 
shall have been curtailed so far as such curtailment may be effected without 
causing undue damage. 

71(»— 21 5 



58 THE POWER SITUATION DURING THB WAR. 

Tbicpobabt Waivke of Deliveby of Electbical Power of Niagara Falls 

Power Co. 

Whereas the President of the United States, by virtue of and pursuant to 
the authority vested in him and by reason of the exigencies of the national 
security and defense, has placed an order with Niagara Falls Power Go. on the 
28th day of December, 1917, and on the same date has requisitioned from it the 
total quantity and output of electrical power which is capable of being produced 
and/or delivered by said company through the use of all waters diverted or 
capable of being diverted through the intake coal of said Niagara Falls Power 
Go. and/or the plants or machinery of said company connected ; and 

Whereas said Niagara Falls Power CJo. has requested that it be permitted to 
carry on its business of production, importation, sale, and distribution of such 
power as is or may be developed, generated, or imported by it in whatever man- 
ner and to whatever extent may be deemed to be consistent with the exigencies 
of the national security and defense; and 

Whereas in the Judgment of the Secretary of War such exigencies will be 
provided for adequately for the time being If the electrical power hereby or- 
dered and requisitioned from such company be sold by and for the account of 
said Niagara Falls Power Co., and distributed by it in the manner shown in the 
attached schedule; and 

Whereas said company has offered to waive all claim for compensation from 
the United States by reason of said order and requisition and/or the delivery 
of power under the conditions set forth in the schedule hereto attached, save 
as to such power as actually may be delivered to the United States. 

Now, therefore, the Secretary of War, acting for and in behalf of the United 
States, hereby, until further notice to said company, waives delivery to the 
United States of any of the power capable of being produced and/or delivered 
by said company, on the express condition that said company shall distribute 
such power as provided in the schedule hereto attached. 

Upon request of the Secretary of War, or his duly authorized representative, 
said Niagara Falls Power Ck). shall furnish a sworn statement showing the 
users of said power during any specified period, together with the maximum 
quantity of power delivered daily and the rate of compensation charged to 
each user, and such other information as may be requested. 

Said Niagara Falls Power Ck). hereby waives any and all right to compensa- 
tion from the United States by reason of said requisition and order and/or 
d^ivery of said power under the conditions hereinbefore imposed. 

In witness whereof this Instrument has been executed in duplicate on thf 
28th day of December, 1917, on behalf of the United States by the Secretary 
of War and the said company has caused the same to be executed and its eor- 
];>orate seal attached by its president hereunto duly authorized. 

SCHEDULE. 

The Niagara Falls Power Ck). shall deliver all power delivery of which is 
waived by the United States as provided in the waiver attached under exist- 
ing contracts to the persons now entitled to receive such power, except that 
delivery of electrical power to the following consumers shall be curtailed as 
herein Indicated: 

Hooker Electro Ohemlcal Ck). — ^Jleduced to 5,100 horsepower. 

Niagara River Manufacturing Ck). — ^No power l)etween hours of 6 a. m. 

and 7.S0 p. m. 

Said Niagara Falls Power Ck). shall use the additional power made available 

by increased use of water In its canal or by the curtailments herein prescribed 

or otherwise to increase the amount of electrical power deliverable to the users 

named below — ^it being the intent hereof that they shall receive respectively 

and continuously the approximate amounts of electrical power set opposite 

their resi^ective names: 

Carborundum Ck) 13, 500 

Acheson Graphite Go 7,000 

Niagara Electro Ghemlcal Go 18, 500 

The foregoing table is based upon the ability of said Niagara Falls Power 
Go. to operate its plants and lines at full capacity and efficiency. 

Whenever said Niagara Falls Power Go. shall have a surplus of electrical 
power above the requirements of its customers under the provisionB of the fore- 
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guing waiver and this schedule It shall make distribution thereof to the cos- 
turners on Its lines in the following order or priority, viz : 

Star Blectrode Works. 

Acheson Graphite Go. 

Union Carbide Oo. 

Oldbury Chemical Co. 

Niagara Electro Chemical Co. 

Cai^orundmn Co. 

Pho^horus Compound Co. 

Mathleson Alkali Works (Inc.). 

Hooker Electro Chemical Co. 

Niagara Alkali Co. 

Norton Co. of New York. 

Aluminum Co. of America. 

Buffalo General Electric Co. 
In case of a deficiency In the supply of electrical power said Niagara Falls 
Power Co. shall withdraw power first from consumers not named above and 
then from the several named customers In the Inverse order of the foregoing 
list, so far as the same may be done without undue damage to the plants 
and/or products of said several customers. There shall, however, be no cur- 
tailment of power deliverable to public utilities or to small users employing an 
average of not to exceed 100 horsepower each until after all large users shall 
have been curtailed, so far as such curtailment may be effected without causing 
undue damage. 

THE PITTSBURGH AND EASTERN OHIO DISTRICT. 

The power situation at Pittsburgh was among the first to draw 
attention to the supply of power and its apportionment. Due to the 
multiplicity of orders pouring in on the manufacturers of this dis- 
trict, they in turn demanded power, and, not getting it to the extent 
desired promptly, appealed for aid to the Government departments 
that had ordered materials from them. These in turn proceeded 
to order the utility companies to supply power for the particular 
product they wanted most at the time and these governmental requisi- 
tions were made without knowledge of or regard for the power 
situation as a whole. The ensuing difficulties caused the Duquesne 
Light Co., of Pittsburgh^ to appeafto the priorities committee of the 
War Industries Board in the fall of 1917 for guidance, and Mr. 
Bulkley was asked to proceed there to adjust the apportionment. 
This he did in a broad way, which took care of the situation until 
the following fall, when a close classification of industries in order 
of preference had been made and an Engineer officer assigned to 
administer the power supply. Gen. Keller became associated with 
Mr. Bulkley in the Pittsburgh situation, and they handled the power 
affairs during the winter of 1917-18 together. 

GENERAL SFTUATION. 

Soon thereafter the power section was organized, and among its 
first survOTs was that of this district, inclumng the manufacturing 
cities of Pittsburgh, Connellsville, Wheeling, East Liverpo^ Steu- 
(>enville, Canton, Massillon, Alliance, Akron, Warren, and Youngs- 
town, and their contiguous areas in Pennsylvania and Ohio. Of 
th^ cities those in Auegheny County and the Youngstown district 
alone produced in 1916 over 36 per cent of the output of pig iron, 
steel ingots and castings, and rolled steel of the United States. The 
Pittsburgh district also produced about 40,000,000 tons of bituminous 
ooal in the same year. This coal production was about 80 per cent 
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low on account of labor and transportation difficulties. These fig- 
ures establish the great importance of the war production of this dis- 
trict, and* in view of the reported shortage of power a thorough in- 
vestigation of the power requirements of the district, their supply, 
and administration was urgently demanded. 

This was promptly taken up after Mr. Bulkley's first visit there in 
December, 1917. At this visit he found that a shortage existed, 
caused in a way by defective administration and breakdowns of ma- 
chinery. The I)uquesne Light Co. was supplying customers in rota- 
tion on assigned days, and the West Penn Power Co. was at the same 
time imi)ortuning it for additional power on account of failure of 
some of its equipment. The rotation program of the Duquesne Co. 
was changed to a preferential arrangement, a reduction of power to 
nonessential industries was ordered, and the public appealed to for 
economy. At the same time an adjustment was made between the 
West Penn and the Duquesne Cos. so as to relieve, to the ffl-eatest 
practicable extent, the difficulties under which each was laooring. 
With the support and cooperation of both companies, these changes 
proved effective and were continued permanently. 

DEBfAND ON DISTBICT. 

Survey and study of the district were bemn by the power section 
in January, 1918, and quickly developed the fact that the war or- 
ders pouring into the district had created a demand for power much 
in excess of the possible supply; that this demand would increase 
rapidly as the war progressed and a larger army created for which 
arms and equipment must be furnished ; that on account of the busi- 
ness and financial conditions discussed earlier in the main report the 
companies had no active program for increasing their output, and. 
beyond a few scattered items, no additions to tne power supply ox 
the district were in progress. The plants of the district were al- 
ready strained by the load put upon them, and certain generators 
had broken down and needed repair, with the certainty that others 
would follow. 

SPECIAL ?LANT CONDITIONS. 

Only one exception can be made to these statements. A large 
power plant of the so-called superpower type was in course of con- 
struction at Windsor, on the Ohio River, about 12 miles above 
Wheeling, W. Va. This plant, after some accidents and delays, 
had just gotten one 30,000-kilowatt turbogenerator into operation 
and was ramishing energy to the terri tory southwest and south of 
Pittsburgh, along the Ohio River from Wheeling to East Liverpool, 
and as far west as Canton, Ohio. An additional 30,000-kilowatt 
generator was in place and awaited the completion of the necessary 
boiler plant to go into service. This plant was operated as the Cen- 
tral Power Co. One half of it, as it stood, was owned bythe Ameri- 
can Gas & Electric Co. and the other halt by the West'jPenn Power 
Co., a company operating in the belt of small towns immediately 
surrounding Pittsburgh^articularly to the southwest, south, and 
east of that city. - The West Penn Co.'s principal power plant was 
at ConneUsville, southeast of Pittsburgh, and was in poor condition; 
one of its larger machines there was out of service and others were 
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operatmg uneconomically on account of breakdowns and auxiliaries. 
Its main power business was in coal mining, and the serious condi- 
tion of the ConneUsville plant ag^avated the whole power situation 
because of the effect upon the coal output. The West Penn Co. had 
a contract with the Duquesne Light Co. for power at less cost than 
the cost of producing and transmitting this energy from Windsor 
and probably from ConneUsville. This arrangement continued un- 
til the overloaded condition of the Duquesne Co. compelled its modi- 
fication, obliging the West Penn Power Co. to draw on its Windsor 
plant, which furnished power to it up to 20,000 kilowatts on some 
days. The Windsor plant was also furnishing power to the plants 
of its other joint owner, the American Gas & Electric Co., at Canton, 
Wheeling, Steubenville, and East Liverpool. The plants at Canton 
and Wheeling were important and were unable to meet the demands 
upon them, but by f orcmg their local resources were able to decrease 
their demands on Windsor so as to help the West Penn Co. and Du- 
quesne Co. 

PROPOSED PLAN FOR INCREASE. 

Early in 1918 a careful study was made of the entire district and 
a plan was devised by Maj. Lacombe for the interconnection of the 

1)lants of the district and the installation of additional machinery 
argely along the lines of the logical development of the various com- 
panies interested. This plan, carefully arranged as to the respective 
shares therein of each company, was desired to provide for the 
greatest relief in the shortest time. Early m July it was submitted 
to the various companies at a meeting of their representatives ii\. 
Washington, but it was found they could do little or nothing on 
account of the impossibility of financing any construction whatever. 
This plan is shown by the diagram inserted at page 12, which shows 
the capacity installed in 1917, that to be added in 1918 and 1919, and 
the interconnecting transmission lines. 

The generating capacit;^ proposed to be installed in 1918 as shown 
was 100,000 kilowatts, while it was known that at least 130,000 kilo- 
watts would be required to give a reasonable reserve. It was not, 
however, possible under existing circumstances to obtain and install 
the machines for 130,000 kilowatts in 1918 even if the work could be 
financed immediately ; therefore^ risks due to possible overload were 
contemplated under war conditions which would not be otherwise 
good practice. In order to produce power needed in 1919 it would be 
necessary to start work on its development early in 1918. The 230,000 
kilowatts recommended for 1919 was based on the assumption that 
the load would increase in 1919 as much as it had been estimated to 
increase in 1918, and that certain machinery running in 1918 must be 
shut down in 1919 on account of its age, bad condition, or the exces- 
sive amount of coal consumed. The assumed load increase in 1919 
was probably too conservative, since the war production of the dis- 
trict had been very mucn nindered by lack of power and would have 
increased more rapidly had a supply of power been in sight. For 
several months the Secretaries of War and of the Navy had prohibited 
the placing of orders requiring power for their production in the 
Pittsburgh district. 



62 THE POWER SITUATION DITRmG THE WAR. 

Maj. Lacombe's plan was based fundamentally on the relief of 
Pittsburgh by connection with Windsor, part of the necessary line 
from Washington to Windsor being already in existence, and the 
installation at Windsor of two more 30,000-kilowatt generators. This 
would have made a great bus connection with an interchange capacity 
of 40,000 to 60,000 kilowatts between the 100,000.kilowatt plant at 
Brunots Island in Pittsburgh, and the 60,000-kilowatt, later to be 
120,000-kilowatt, plant at Windsor. The further addition of a 15,000- 
kilowatt generator at Voungstown, as planned by the Youngstown 
Company, with a sliort transmission line connecting with Pittsburgh 
would have been of great value and a further source of strength in the 
greater Pittsburgh district. If these two projects could have been 
taken up by the (rovernment early in 1918, a heavy shortage in Pitts- 
burgh proper and in the main part of the district could have been 
avoided in the winter of 1918-19, and the war output materially in- 
creased. Beyond a few items of additional plant equipment, it de- 
veloped, however, that the utilities could do nothing further even 
with a certain amount of Government assistance, except in one in- 
stance, in which the West Penn Power Co. agreed to build a power 
plant of 40,000-kilowatt capacity at a point called Springdale, on the 
Allegheny River about 12 miles northeast of PittsDurgh, close to a 
coal mine and ample water facilities. 

GOVERNMENT ASSISTANCE. 

The Government, through the War Department, agreed to advance 
40 per cent of the cost under a contract that provioed that the war 
excess cost, depreciation, etc., were to be adjusted by appraisal of 
the duplication value of the plant three years after the close of the 
war. This plant would have helped the I^ittsburgh situation in 1920. 
possibh' late in 1919. but would have had no effect on the war short- 
age of 1918 and 1919. It would also have relieved the Duquesne 
Light Co. of the necessity of supplying energy under the previously 
mentioned contract with the West Penn Power Co. in its territory 
northeast of Pittsburgh. Just before the closing of the war it was 

Elanned to have the West Penn Power Co. put in another 80,000- 
ilowatt generator at Windsor and build the necessary transmission 
line into Pittsburgh, and so supply an emergency connection to the 
Duquesne Light Co. for the relief of Pittsburgh. The example of 
the West Penn Power Co,'s success in financing part of its work, 
with Government assistance on the balance, had its effect on others^ 
and the Duouesne Light Co. made an attempt to finance and build 
a plant at Cheswick, also northeast of Pittsburgh, planned by it 
before the war. Here it had its own coal mine, and the condensing- 
water facilities provided by the Allegheny were ample. The plant 
proposed was to be ultimately 300,000 kilowatts, and the immediate 
project was for 120,000 kilowatts, at a cost of about $15,000,000. 
This was to be financed on the same plan as the West Penn Power 
Co., but before the contract could be placed the war was so near its 
end that the project was abandoned by the Government for the rea- 
son it could not be completed until 1920, and therefore would 
perform no war service. 
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SPECIAL BBMARKS. 

As affairs stood at the close of the war it would have been two 
years after the war started before any material increase in power 
resources had been made in the immediate Pittsburgh district. It is 
a strange commentary on the foresight of the power companies of 
this district where a great and growing demand for power always 
existed, that even with the impetus given to this demand by the war, 
early in 1917 a GOjOOO-kilowatt machine ordered for one of the com- 
panies was diverted to Government uses for a nitrate plant, because 
the company's bankers could not or would not finance its installation. 
The power from this machine, which might have been ready in 1918, 
would have been absorbed at once by the market awaiting it. As 
a matter of fact, now that the war is over, this amount of power and 
more could be absorbed in this district, in which no great effort had 
been made to develop the full uses oi electric power. The under- 
Iving reasons for this condition and the delay m remedying it are 
the nnancial and other difficulties of the power industry from 1914 
to 1918, and the fact that during the war there was no simple way 
under which the Government could provide power facilities readily 
for its own war necessities. It has been noted that in the Niagara 
district the companies could finance themselves, needing Government 
assistance in overcoming legal obstacles only, in the ?itti^urgh dis- 
trict at large this was not true, and financial aid was necessary. 
This was the case even with the American Gas & Electric Co. at 
Windsor, which, with the West Penn Power Co., had financed the 
first two 30,000-kilowatt units at that plant. The third unit, in- 
stalled about January 1, 1919, was financed with the aid of the 
(xoodrich Rubber Co. at Akron, Ohio, which needed additional 
power at Akron and had arranged to get it from Windsor in con- 
nection with the Northern Ohio Traction Co. at Akron by means of 
a transmission line from Canton to Akron, extending the Canton- 
Windsor transmission line. 

BEPAIR PBOGBAM. 

While these larger plans were being considered, such emergency 
measures and ass^ance as could be provided were being applied. 
In April, 1918, a program of repairs to meet the requirements of the 
West Penn Power Co. and the Duquesne Light Co. was worked out 
and put in effect. Every possible aid was given the American Gas & 
Electric Co. to finish and extend its power plant at Windsor by 
means of increased priority orders for material and railroad f acili- 
ties. Similar efforts were made to help the other companies in the 
district, notably at Canton and MassiUon, but little actual gain was 
made in power. The Windsor plant did get its second generator 
going early in the summer of 1918, and additional transformer 
capacity was added to the West Penn Power Co.^s distribution sys- 
tem at Washington, in the heart of one of its important districts, 
south of Pittsburgh. A new boiler was added at Connellsville in 
1918, and additional ones arranged for with the Duquesne Light Co. 
to be installed early in 1919. A power transmission line was built 
hj request of the Government from Canton to Massillon, but was not 
completed at the end of the war. It would have served to partially 
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relieve the very overloaded plant at Massillon by furnishing power 
through Canton from Windsor. A line was also started from Can- 
ton to Akron by the Northern Ohio Traction Co., to supply power 
from Windsor to the large rubber manufacturers at that point. A 
lO.OOO-kilowatt generator nad been put in at Canton in 1917, a 2,500- 
kilowatt generator was installed at Alliance early in 1918, and a 
lOjOOO-kilowatt machine was put in at Warren, but all of these ma- 
chmes were loaded as soon as they were put in service. The 10,000- 
kilowatt generator at Canton broke down in 1918 and was not fully 
restored to service at the end of the war. All of the generators of 
the West Penn Power Co. at Connellsville were not repaired by the 
fall of 1918, so that it was short from 6,000 to 15,000 kilowatts; the 
largest generator of the Duquesne Light Co., 45,000 kilowatts, was 
out of service for two months in the summer of 1918 ; on account of 
defects in the design of the generators at Windsor, the manufacturers 
had cut their allowable capacity to 22,000 kilowatts each, so that the 
district was in a very bad condition. 



SHORTAGE. 



When the load began to come on in the fall of 1918, a shortage 
occurred which was administered in accordance with the preference 
schedule of the priorities committee of the War Industries Board al- 
ready described. Power supply to nonessentials was very much re- 
duced and power was limited so far as practicable to the manufacture 
of war essentials until November 11, shortly after which date Gov- 
ernment control of the situation was given up. 



TABLES AND DIAGBAMEk 



Tables are given showing the canacity of generators in the district 
earlj in 1917, the additions plannea, loads estimated, for 1918-19, and 
a diagram map (see p. 12) of the proposed scheme for the supply 
of sufficient power to the district haa the war continued. 



Table A. 



Alliance 

AkTon 

Canton 

Duqnesne... 
HaasUlon.... 

Wamn. ..... 

West Pom.. 

Wheeling 

Yotingstown. 

Total.. 



Available 


Maiimimi 


installed 


load 


generating 


winter of 


capacity. 


1017-18. 


KtUmootU. 


KOowatU. 


3^ 


2,600 


36,000 


36,000 


31,000 


96,000 


129,660 


128,600 


8,aoo 


7800 


13,250 


6,600 


166,240 


62,378 


13,600 


14,760 


43,000 


30,800 


842,340 


314,428 



Pro8pee> 

tiyeto- 

creaeeby 

winter of 

191&-10. 



jntofMXte. 

7,100 
23,000 
12,000 
46,400 
10,000 

0,400 
32,622 

8,000 

24,aoo 

172,793 



1 16.000 kilowatts of tbe capacity of No. 1 unit of the Windsor station is issigned to Canton and the re- 
malning 15.000 kilowatts to West Penn. 

The available installed capacities of the generating stations are based upoi the octpnta that might be 
reached under the most favorable conditions without any reserve units. 
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Table B. 



Company. 



Aggremte 
of available 
generating 
capacity 
now in- 
stalled, 
and in 
process of 
DOilding 
and not 
waiting for 
financial 
aid. 



Estimated 

maxlmnm 

loads ap to 

Jan. 1, 1919. 



Alliance 

Akron. 

Canton 

Dncniesne. ... 

IfaasUloD 

Warren 

West Ponn.., 
Wbeeling.... 
Youngstown. 



Total generating capacity . 



Deficiency In oapacity. 



KUowattt. 

^6,000 

60,000 

38,000 

129,650 

8,200 

16,000 

■84,000 

« 21,500 

58,000 



411,350 



0,600 
68,000 
38,000 
175,000 
17,800 
16,000 
95,000 
22,750 
55,000 



487,150 
411,350 



75,800 



Sorplus. 



Kliotpatts, 



3,000 



8,000 



Deficiency. 



SUowattt. 
3,600 
8,000 



45,350 
0,650 



11,000 
1,260 



78,800 
3,000 



75,800 



1 Capacity of station now limited to 2,600 kilowatts by the cooling tower. Tbe installatlcD of a 2,500 
kilowatt unit and sofBclent boiler and cooling tower capacity for this miit and an increase in the output 
of the present units to 3,500 kilowatts Is to be made. 

' 7,000 kilowatts of the capacity of No. 2 unit at Windsor are assigned to Canton, 8,000 kilowatts to Whee^ 
ing, and 15.000 kUowstts to West Penn. this bdng in addition to 15,000 kilowatts of No. 1 unit to Weet 
Pom and 15.000 kilowatts to Canton. West Penn oy r^win this summer will bring the reliable capacity 
of their idants aside trom Windsor up to 54,000 kilowatts. 

THE NEW ENGLAND STATES. 

CAUSES OF SHORTAGE. 

The problem of power supply in New England, particularly in the 
winter of 1917-18, differea from that at Niagara and Pittsburgh. 
It vr9L8 largely due to a shortage in fuel caused oy neglect to prepare 
for war demand by extra storage in the summer and fall and accen- 
tuated by a very severe winter, preceded bj; a drought which had 
depleted the streams and the storage reservoirs of the hydroelectric 
power plants. The usual supply of coal to New England by sea was 
decreased by the activities of tne Navy and the Fleet Corporation, 
which had requisitioned most of the ocean-going tugs, barges, and 
large equipment. Due to the very severe winter, railroad operation 
became difficult, particularly on account of the excessive movement 
of freight for Europe to the tidewater ports, causing congestion there 
and at the railway portals to New England, Albany, Poughkeepsie 
Bridge, and Hoboken. This made it very dimcult to get coal through 
and tne situation became desperate not only as to fuel for power but 
also as to coal for domestic purposes. Fuelless days were mtroduced 
by the Fuel Administration, practically shutting down industrial 
production and shipments, thereby giving a chance to clear the gate* 
ways and slowly dissolve the congestion of traffic- 

In the late fall of 1917 shortage of power was reported at Clare- 
mont, N. H., and at Worcester, Mass. It was found that at Clare- 
mont more power was required on account of war orders. This could 
be supplied by interconnection with contiguous companies, but the 
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business negotiations for it were somewhat difficult. This was dis- 
posed of satisfactorily. At Worcester a similar shorta^ had oc- 
curred, due primarily to a shortage of coal and partly to msufficient 
boiler capacity to operate the turbogenerators at full load. For a 
short time part of the customers shut oflf their load during the peak 
hours, from 4 to 7 p. m., and this successfully met the emergency. 
In 1918 the company installed additional boilers and put itselt in a 
position to go through the winter of 1918-19 without difficulty as well 
as to furnish further power if called for. 

SURVEY OF DISTRICT. 

A comprehensive survey of the New England district was made 
by Maj. Sever in March^ 1918, and it was found that local power 
shortages were to be anticipated at Claremont, N. H., as described 
above, at Pittsfield, Mass., Waterbury, Conn., and Portland and 
Lewiston, in Maine. The Pittsfield shortage would be due, if it 
occurred, to inabilitv to secure boilers and turbogenerators in time, 
these being delayea by prior Government demands- Waterbury, 
Conn., was developing an extensive water-power plant at Stevenson, 
which would give an ample supply of power if completed, as was 
probable, by the late fall of 1918. Portland and Lewiston, Me., were 
both unable to finance additions to their stations and could not take 
on the additional load required. They remained in this condition 
throughout the war. 

SHORTAGE FOUND. 

Maj. Sever also found a shortage would exist in the power supply 
of the New England Power Co. This was most serious, more so than 
any of the isolated cases mentioned. This system extends from Ver- 
mont and the northwestern corner of Massachusetts into Bhode Is- 
land to Providence, besides lines through to Norwich and eastern 
Connecticut. It obtains power from a number of hydraulic plants, 
in northwestern Massachusetts, New Hampshire, and Vermont, and 
from several steam stations in Massachusetts, and Rhode Island, par- 
ticularly from the large station of the Narragansett Lighting Co. at 
Providence. The power so obtained is distributed along its unes all 
over the territory mentioned and this company is the largest single 
factor in the power supply of the New England States. 

The manufacturing interests of New England taken individually 
are small, perhaps, when compared with inmvidual plants in the Ni- 
agara or Pittsburgh districts. The factories are many, however, and 
densely cover the States of Massachusetts, Connecticut, and Rhode 
Island, so that the agjgregate demand is heavy. The production of 
New England was principally in wool and cotton gocKis, boots and 
shoes, ammunition, rifles, guns, gun carriages, and wire. It was 
essential, therefor, that the l^ew Enjp;laiid Power Co. should be able 
to supply the additional demands of many customers scattered over 
a wide area. 

ACnON TAKEN. 

Immediate steps were taken to obtain all possible supplies of 
power. These finally resolved into four sources of supply which 
might be completed by the late fall. They were, first, a connection 
from Boston through Dedham to Clinton to supply a maidmum of 
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20,000 kilowatts from the Edison Illuminating Co. of Boston, which 
in turn was beinff aided to obtain additional generating capacity, 
promptly, by preierences given by the priorities committee. I^cond, 
the Narragansett Lighting Co. was urged to put in additional boil- 
ers to increase its capacity and enable it to increase deUvery to the 
New England Power Co. A line connecting Providence and Fall 
River was also put through, gaining stren^h in power resources 
for both places. Third, the New England Power Co. began erecting 
a 10,000-kilowatt turbogenerator at its Uxbridge steam plant and 
fourth, a new steam plant was started at Thamesville, Conn., near 
New London, imder the name of the Eastern Connecticut Power Co., 
for a capacity of 20,000 kilowatts. While all these projects were 
aided by the Government so far as possible by priorities, etc., it is 
probable that none of them could have furnished any power until 
late in the winter of 1918-19, perhaps in February or March. An 
exception to this was the additional boiler capacity at Providence. 
A further resource developed in an existing interconnection of the 
New England Power Co., with the Turners Falls Power & Electric 
Co., through which a new station of the United Electric Light Co. 
at bpringfield became available for surplus power. Energy was also 
secured ftom the Worcester Electric Light Co. at Worcester. 

HYDROELECTRIC MATTEBS. 

These are all steam sources. No new water-power plants could be 
made available in time to be of any aid in the winter of 1918-19, 
although arrangements were made for some additional hydro supply 
which could probably be in service in 1919. These arrangeniente 
consisted in promoting agreements between the parties interested 
aided by the incentive of the national war necessity and by the 
efforts of the power section, who discussed and presented the mat- 
ter from an unbiased point of view, which invariably enabled fair 
agreements to be reached. Thus additional water power at Bomoseen 
Lake was arranged for the Rutland system and at Bellows Falls for 
the New England Power Co. 

In western Connecticut there was no power shortage, except as 
noted at Waterbury, and the difficulties encountered were due to 
insufficient fuel supply. The additional hydroelectric plant of the 
Connecticut Light & Power Co. at Stevenson would have relieved 
the situation in 1919 at Waterbury and New Britain and, by inter- 
connection, at Hartford and Middletown. 

In southeastern Massachusetts a rather uneconomic situation ex- 
isted among a number of smaller communities. Two systems ex- 
tended from Quincy, just south of Boston, to New Bedford, which 
were not interconnected. With a view to xuel saving and more eco- 
nomical operation, a committee of engineers worked out a system for 
the interconnection and cooperation of the various plants and cer- 
tain of these operating arrangements were put into effect during the 
war, but the main plan of interconnection was not fully adopted nor 
construction begun before the end of the war. 

KAINB. 

In Maine three different ffvstems or power companies were in op- 
eration. The Cumberland County Power & Light Co. served Port- 
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land and Biddeford, along the coast to York Harbor, and inland to 
Sanford. Prunary power is derived from water power from the 
Presiimpscot and oaco Bivers to the north of the communities just 
mentioned, emergency steam plants providing for contingencies of 
load and hydrosupply. The Androscoggin Electric Co. supplies 
power from hydrostations at Lewiston to that town and vicinity and 
as far south along the interurban railroad as West Falmouth, but 
does not interconnect with the Cumberland Co. at Portland. The 
Androscoggin Co.'s lines for interurban railway purposes also extend 
southeasterly to Freeport, Brunswick, and Bath, along the coast, but 
again do not interconnect with the Central Maine Power Co. at 
Brunswick or Bath. The Central Maine Power Co. furnishes power 
over the territory which maybe described as south central Maine, its 
lines extending along the Kennebec Eiver and its tributary, the 
Sebasticook, from Bingham and Moosehead Lake to Waterville, Au- 
gusta, Bath, and Brunswick, as well as miming east to Rockland, 
Belfast, and Brook ville. This company supplies power from 11 
hydrostations and 5 steam stations to a lai^e number of factories in 
tne communities along its lines. It has sufficient power, provided its 
steam plants are supplied with fuel, although dependence is mainly 
placed on hydropower. No detailed study was made of this system, 
but it is understood it had a number of undeveloped water powers 
available for future needs. 

During the period of the war the only power shortage in Maine 
was on the EP^stem of the Cumberland County Power & Light Co., 
serving Portland. Here the power requirements were increased by 
a demand by the United States Bailroad Administration for 2,000 
horsepower for unloading and reloading wheat brought in through 
Canada to relieve the Atlantic ports farther south. This was Se- 
creased to an actual demand of 600 horsepower for the winter of 
1918-19, with the further 1,600 to come m the next year. This 
smaller demand was met by temporary means. A lar^r plan to 
obtain power for this company through the Androscoggin Co., from 
the surplus power of the Central Maine Co., could not be success- 
fully worked out at the time, but undoubtedly would have been be- 
fore the larger supply for 1919 was necessary. 

From a ^ance at the map it is obvious that the three companies 
should be interconnected and should cooperate to utilize to the ut- 
most their hydroelectric resources, save fuel, and cheapen production. 

UTILIZATION OF WATER POWEB. 

On account of the high cost of fuel the utilization of available 
water powers in New England was most important, but none could 
be developed in time to be of service. Several water powers on the 
Westfield River near the Turners Falls Power & Electric Co.'s sys- 
tem, others on the Deerfield Eiver near the New England Power 
Co.'s system, and a general development improving the water powers 
along the Connecticut Biver were all suitaole for immediate action, 
but could not have been completed within one or two years. The 
cost of development was very nigh at this time, and the difficulty of 
financing practically insuperable. In consequence, every effort was 
directed toward increasing the steam resources ox the district. 
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The greatest source of cheap power for New England lies in the 
water powers in western Maine and eastern New Hampshire, where 
a large block of power can be collected and transmitted to the dis- 
tributing systems of Massachusetts. Many difficulties must be over- 
come which would require a great deal of time and trouble, but this 
possibility is briefly described with some summary figures in the oec^ 
tion of tms report entitled " Power and Production.'^^ 

Reference is made to a diagram showing the main systems and 
their interconnections throughout New England, and also a table^ 
made by Maj. Damon, showing the results mat would have been ac- 
complisned by the proposed additions to the steam resources of the 
New England Power (Jo. and interconnected companies. 

Appendix A-1. 
New England — Interconnected system summary. 



Place or company. 



New Englaiul Power Co. 1 , 

New England Power Co., 

hydropumtB, 10 hoars i. . . 

Wachnsett Reeerroir, 10 

hoars! 

Uxbrldge steam plant. > >.. 
Narrafluasett Electric Light- 
ing CoX. 

Worcester Electric Light 

Co.i 

Shore Line Electric Rail- 
way Co.i 

Bdiaon slectrlc Dhiminating 

Co.,Bo8taQ> 

Mlsoeuaneoas 1 



Total 



Tiimen Falls Power & Electric 
Co 

1 hour peak capacity 

Normal 10 hoar Redaction . 
Worceister Electric Light Co — 
Secondary power for New 

P" i^ England Power Co 

Narragansett Electric Lighting 

Co.* 

Primary power to New Eng- 
land Power Co 

Capacity for Narragansett 
Electric Lighting Co 



Maxl- 
mom 
load, 
1917. 



KUowaU. 
63,000 



Esti- 
mated 
Increase, 
1018. 



Esti- 
mated 
Increased 
maxi- 
mum 
load, 
1918. 



EttowaU. 
31,000 



26,000 



(17,000) 
17,000 



31,000 
(2,000) 



16,600 



(13,000) 
2,500 



6,000 
(11,000) 



General 

capacity, 

1917. 



KilowaU. 
93,000 



42,600 



(39,000) 
19,500 



37,000 
(13,000) 



Kaowatt, 



27,000 

3,000 
6,000 

20,000 

6,000 



3,000 



61,000 



36,000 

(17',000) 

25,000 

(5,000) 

(33,000) 

(2,000) 

31,000 



(General 

Increase, 

1918. 



KUowaU, 



KUowaU. 



(10,000) 
8,000 



10,000 
16,000 



84,000 



Esti- 
mated 

total 
general 



27,000 

2,000 
5,000 

28,000 

6,000 

10,000 

16,000 
3,000 



05,000 



36,000 
(35,000) 



(17,000) 

(11,000) 

6,000 



51,000 

(43,000) 

25,000 

(5,000) 
(50,000) 
(13,000) 

37,000 



Esti- 
mated 
total 
sorphis 

or 
shortage. 



KUowaU. 



2,000 



>8,400 

(13,000) 

+5,500 



1 Flgores are on a basis of 10 hoar production because the steam plants have ample capacity for all tha 
nig^tload and the hydroplants can carry the l-hour i)eak. The maxlmnm load of 1017 was more than the 
eapacity because the capacity was figured on a normal low water flow, but the season was better than 
normal and th» reserroir was dravm excesslTely and some power drawn from the Tamers Falls Power 
& Electric Co. The 1-hour peak was 66,300 Idlowatts. 

* The Uxbrldge addition probably can not be made this year. Boston connectlco will carry 20,000 klla- 
vatts maximum. 

> Of the 8,400 kilowatt surplus above, about 6.500 kilowatts Is In steam plants of lower efficiency than the 
new Hampcten Station and will be shut down if possible. 

« The New England Power Co. has contracted Tor, and expects to use over the time of lowest water and 
the tixne of Tw^Tfrn^iTn bad, all of the generating capacity of the Narragansett Electric Lighting Co. not 
needed by themselves. The primary power reserved for the New England Power Co. is given above. 
and the 10-hour equivalent production is included in the New England Power Co. analysis at the head of 
Uiis table. 
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Appendix A-1 — Continued. 
Uew England — Interconnected system sum'marp — Continued. 



Place]or company. 



Biackstone Valley General & 

Electric Co 

Generated by Biackstone 
Valley General & Electric 

Co 

From New England Power 

Co 

Fall River Electric Lighting 

Co.» 

Shore Line Electric Railway 

Co.« 

Reserved for New England 

Power Co 

Capacity for Shore Line 

Electric Railway Co 

New London, Conn.' 

Sprlngflold, Mass.* 



Boston, Mass.* 

Primary power to New 

England Power Co 

Capacity for BostoD. , 



Maxi- 
mum 
load, 
1017. 



Kilowatt, 
(21,200) 

15,700 
(5,500) 
9,750 
3,900 



l.f^ 
15,000 



182,180 
79,000 



Esti- 
mated 
increase, 

1918. 



Kilowatt, 

(5,000) 



(5,000) 
2,400 
4,600 
(10,000) 



620 
2,500 



66,120 
39,000 

(16,000) 



EsU- 

mated 

increased 

maxi- 

mom 

load, 

1018. 



KUowatt. 
(26,200) 

15,700 
a0,500) 

12,150 

8,500 

(10,000) 



2,350 
17,500 



248,300 
108,000 

(16,000) 



General 

capacity, 

1917. 



Kilowatt. 
(21^200) 

15,700 

(5,500) 

10,000 

8,200 



2,295 
15,000 



194,105 
105,000 



General 

increase, 

1018. 



Kilowatt, 
(5,000) 



(5,000) 
2,000 
(11,800) 
(10,000) 
1,800 



11,000 



70,800 
(80,000) 

(16,000) 
14,000 



BsU- 
mated 

total 
general 



KHowatt. 
(26,200) 

15,700 
(10,500) 

12,000 

(20,000) 

(10,000) 

10,000 

2,295 

26,000 



273,005 
(185,000) 



i' 



16,000) 
10,000 



Esti- 
mated 
total 

surplus 
or 

shortages 



KUotoatt, 



—150 
(11,500) 



1,500 
-55 
8,500 



25,096 



11,000 



* Tlie Fall River Electric Lighting Co. is building a 20,000 kilowatt line connection to the Narragan- 
sett Electric Lighting Co. for interchange of power. 

* The Shore Line Electric Railway Co. are building a new 20,000 kilowatt steam station but expect to 
shut down the old stations, which eave 8,200 kilowatts, because they are very inelTicicnt. 

'The New London division of tne Connecticut Power Co. will connect to the new plant of the Shore 
Line Electric Railway Co., this supplying the shortage. 

* The United Eleetrie Msht Co., of Sprrngfleld, is connected to the Turners Falls Power & Electric Co. 
for the interchange of 20,000 kilowatts. 

* The Edison Electric Illuminating Co., of Boston, has more generating capacity than shown above, bat 
it is of lower efficiency and will not be operated except in extreme emergency. Irie Boston figures are not 
included in the total above becaa"^ the connection to the rest of the system is of such limited capacity 
that the surplus in Boston oan not be available. The new 30,000-kilowatt unit being installed will not 
be able to put out full load till after the heaviest load season of the winter has passed. Therefore, the 
11 JDOO-kilowatt surplus of effloient capacity will be reduced. 

Figures in parentheses should not oe added as they are included in figures of other companies. 



THE STATE OF NEW JERSEY. 



mPORTANCB OF DISTRICT. 



This State was the center of great activity during the war. Jersey 
City and Hoboken on New York Harbor became ^reat points of 
transfer for troo]^ and supplies as they are the termini of a number 
of the greatest railroads in the country as w%ll as portals for freight 
for New England. These cities, with Newark, Bayonne, Paterson, 
Passaic, and others, clustered near the port of New York, were large 
manufacturing centers and the demands on them were greatly in- 
creased by war. A number of great ammunition plants and de{>ot8 
were created near these shipping points. There were increased activi- 
ties in all the manufacturing cities in the interior of the State and 
in the important shipbuilding plants near New York Harbor and 
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near Camden. This actiyity called for increased and continuous 
power supply, which in this case was not forthcoming. 



POWER SUPPLY. 



The main resource for general power supply was the Public 
Service Electric Corporation of New Jersey, which operated two 
power systems in the State, one furnishing power to the dense manu- 
lacturing and shipping centers of the northern part of the State 
along and contiguous to the Hudson Riyer and New York Harbor 
and also to the central portion as far south as Metuchen and yicinity. 
Eleven generating plaSte supplied these sections. The corporation 
also furnished power from four generating plants to the southern 
section from Trenton to Camden, Burlington, and Gloucester. The 
two sections were not interconnected, and under the circumstances 
little benefit would have resulted if they had been. 

SHORTAGE. 

There was a marked and persistent shortage of power throughout 
the State from the fall of 1917 throughout tne winter and again in 
the fall of 1918. This was the result of shortage of coal and of 
generating capacity aggrayated by a distribution system too limited 
to carry additional supplies of power without heayy losses and im- 
paired regulation. 

FUEL SUPPLY. 

The coal supply began to run short of the daily requirements 
early in Noyember, 1917, and so continued until March, 1918. The 
utility company had proyided about three months' storage and per- 
haps relying on the assurances of the Fuel Administration did not 
make the extra effort required to keep this unimpaired. Howeyer, 
neither the Fuel Administration nor the utility company foresaw the 
greatly increased demand for power and the unusual difficulties of 
fuel supply during the extraordinarily seyere winter of 1917-18. 
The Eailroad Administration had haraly had time to get a strong 
hold on its work, and the Fuel Administration was certainly new to 
its problems, when an exceptionally seyere winter closed down on the 
country early and enormously increased the difficulties of shipping, 
transporting, and distributing ooal and freight of all sorts. Water 
transportation was practically stopped by ice and by shortage of 
coastwise shipping. In spite of all efforts coal could not be supplied 
to meet the requirements of the district, and seyeral occasions arose 
during the winter when the supply of power was cut off for days 
at a time. The Fuel Administration gaye as the reason for the acute 
situation that it was caused by the unprecedented weather preyenting 
the railroads from furnishing cars and locomotiyes to boal mines sup- 
plying New Jersey points. In consequence it estimated only about 
one-fourth of the normal production was shipped from the mines. 
Whether this was admitted by the railroads is not known, although 
there was some dispute as to the responsibility for the general coal 
shortage which existed here and in New York City and State as well 
as throughout New England. One pertinent fact remains, namely, 
that the other power plants on New York Harbor, whether from 
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greater foresight or more adequate facilities, got through the winter 
without any serious interruptions to service, except in the case of 
the Interborouffh Railway Co., operating street-railways in New 
York City. This company, however, does not provide itself with 
verv large fuel storage capacity, but relies on daily supplies by barge ; 
and even so, it had but a single shutdown of merely a few hours 
duration. 

GENERATING CAPACITT. 

The second cause of the lack of power supply was insufficient gen- 
erating capacity. Careful studies and surveys of the power plants 
and the service required from them were initiated by Mr. Darlington 
in January and February, 1918, and continued throughout the year 
by tlie power section. It was found that the full demand could not 
be accurately ascertained for the reason that on account of known 
shortage and interruptions of service it never had the opportunity 
to develop. As closely as could be ascertained the actual require- 
ments were much in excess of the plant capacity of the company. 
The maximum actual load developed for the system in both sections, 
at the time of the first examinations, was about 180,000 kilowatts. 
It was estimated that had power been available the load would have 
been at least 200,000 kilowatts in the winter of 1917-18. The reason 
for this conclusion is that, in spite of the fuel shortage, a number of 
private plants were kept in operation on account of impossibility of 
obtaining service from the utility company, and that later orders 
involving the use of additional power were not allowed to be placed 
in this territory. 

The main problem in the New Jersey shortage was the 60-cycle 
system of the northern section. The southern sed;ion was taken care 
of by preventing additions to the load and by aid, when required, 
from certain private plants. The 25-cycle and direct-current sys- 
tems of the northern section were sufficient for the demands on them. 
The demand on the 60-cycle system in the north was much above its 
actual operating capacity, which proved to be about 112.000 kilowatts. 
In conseauence, with the aggravation of insufficient ruel supply to 
force sucn capacity as was available, the system could not carry its 
load, shutdowns or several days occurred, and severe restrictions of 
power supply were necessarily imposed. 

ADDmONAL GENERATORS. 

Insufficient capacity had been foreseen and the company was in 
1917 installing a 31«500-kilowatt turbogenerator at its iJssex sta- 
tion on the Pa^aic Kiver and a 11,200-kilowatt machine at Perth 
Amboy, and had laid out an extensive pro-am of increased capacity 
for 1918-19, involving another 31,500-kiIowatt generator at Essex 
and two 12,500-ldlowatt at Burlington, as well as a 50,000-kilowatt 
generator in 1920,' with additional boilers for the present machinery 
as well as additions and very necessary improvements to the dis- 
tributing system. Of this program the 31,5()0-kilowatt generator at 
Essex and the 12,500 at Perth Amboy were installed, but the rest of 
the plan was abandoned on account of inability to finance it. Of 
the two generators installed, the large machine was not put in opera- 
tion until the fall of 1918. The reason given was that on account 
of accidents to other machines of the same manufacture the utility 
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company would not take the responsibility of operation, although 
the manufacturer was willing to warrant the machine if run at some- 
what less than its rated capacity until certain changes were made 

FINAL ANALYSIS AND RELIEF PROPOSED. 

It appeared early in 1918 that a heavy shortage would occur in 
the winter of that year and that the company would not meet it. 
This shortage on the critical 60-cycle system was estimated at about 
20,000 to 24,000 kilowatts, making a total load to be met of about 
160,000 kilowatts with an actual capacity, including the two new 
units, of 142,000 kilowatts, reduced by the amount at which the 
31,500-kilowatt generator was run below its rated capacity. With 
this condition known, various efforts were made to provide addi- 
tional power. It was hoped for a while that Government funds 
would be available through the War Finance Corporation, but this 
hope proved illusory. Suggestion of a supply of power from the 
Hauto plant of the LehighlN avigation & Electric Co. and the Phila- 
delphia system by transmission from power plants at coal mines in 
eastern Pennsylvania and the interconnection of the three systems 
proved on careful investigation unwarranted because of the time 
required and the fact that Philadelphia had no steady power to 
spare. For the same reasons the suggestions of a relay generator 
plant for both Philadelphia and New Jersey situated at a point 
convenient for both systems proved futile. In March and April, 
1918, Mr. P. H. Thomas, consulting engineer of the power section, 
proposed an interconnection to the Interborough Railway Co. of 
New York, which it was known had a large excess of capacity. As 
the shortage in New Jersey was on its 60-cjcle power system and 
the Interborough was a 25-cycle system, this would have required 
frequency chanjgers not at that time available. Another similar plan, 
based on an oflfer of the New York Edison Co., was presented early 
in June by Maj. Lacombe. This involved the operation of certain 
machinery of the New York company at the frequency of the New 
Jersey system, 60 cycles instead of the 62^ cycles peculiar to the New 
York Edison system. In consequence, the machinery necessarv had 
to be disconnected from its home sjrstem and connected bv cable to 
the New Jersey system to operate in parallel with it. Difficulties 
of financiiu^ arose on account of the temporary character of the 
demand. The New Jersey company would not in any way meet this 
expense, and there were no Government funds directly available 
for such use. Finally the New York Edison (^o., through its presi- 
dent, offered to put in the ne(!essary cables and apparatus to deliver 
the energy at the western portal of the Pennsylvania Railroad Tun- 
nel, and it was suggested that the Navy Department take up the 
matter in line with the precedent of the control of the War Depart- 
ment in Pittsburgh with the West Penn Power Co. 

This solution, after approval by the Pennsylvania Railroad, was 
finally adopted by the power section, was submitted to the Secretary 
of the Navy in a communication by Commander Staniford dated 
October 1, 1918, and approved by the Secretary. Negotiations were 
immediately begun with the New York Edison Co. and the Public 
Service Electric Co. The negotiations with the New York company 
proposed a contract with the Navy Department, under which the 
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company was to install the cables, etc., at its own expense. The 
contract provided for the amortization of the excess war cost over 
the recovery value of its appliances, the whole contract following 
the lines of the agreement between the War Department and the 
West Penn Power Co. already described. 

A careful analysis in June of the shortage anticipated for 1918-19 
and again corrected in the fall confirmed the estimate that at least 
24,000 kilowatts would be needed to carry the peak of the load, bu£ 
as the time was too short to install the connection to meet the extreme 
load the contract was drawn for 20,000 kilowatts, an installation 
of machinery in the year 1919 in New Jersey being anticipated to 
meet the demands of the winter of 1919-20. The only other changes 
in the original plan were to carry the cables from the Waterside ^- 
tion of the New York Edison Co., in New York City, to a connec- 
tion with the Pennsylvania Bailroad Co.'s tubes at Thirty-fourth 
Street and First Avenue and thence under the city, Hudson River. 
and Palisades, through the tubes to the western portal of the tunnel. 
Fron? this point the energy was to be conducted to the E2ssex station 
of the New Jersey company and distributed, certain Government aid 
being allowed for this purpose- 
Before the contract was closed the armistice was signed and the 
project abandoned. It may be stated, however, that just before this 
time another shortage of power occurred, due to boiler and generator 
trouble on the Jersey company's system, showing that the necessity 
of immediate relief was most urgent. 

A diagram is attached showing the proposed connection with the 
plant of the New York Edison (5). in New York City. The general 
ffjfstem of the Public Service Electric Corporation is also shown by 
iagram. 

PHILADELPHIA AND EASTERN PENNSYLVANIA. 

GENERAL SITUATION. 
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The general problem of power supply in this district was a serious 
one on account of the importance of the industries affected, particu- 
larly those of shipbuilding and munitions. The great Hog Island 
Shipyard of the Emergency Fleet Corporation is located at Phila- 
delphia and required a Targe amoOnt of power both for the construc- 
tion of ships and the transportation of workers, besides creating a 
heavy direct demand on other industries of the vicinity. In addition, 
large munition plants were at or near Philadelphia, one of the largest 
of which, the plant at Eddystone, had been completed before the 
United States had declared war. 

Philadelphia presents a fair example of the condition of the power 
industry descrili^ at the beginnini^ of this report The Philadelphia 
Electric Co. had realized the growing importance of power service in 
central-station work and had laid out a pl&n of development long 
before there was any thought of war. The preliminary financial, 
legal, and poUtical arrangements had been worked out and two lai^e 
power stations were put under construction, one known as the Dela- 
ware plant, to supply the demands of the northern portion, and the 
other, the Chester plant, to supply the southern portion of its ter- 
ritory. The two plants were ultimately, of course, to be intercon- 
nected to serve the entire community, if necessary, using older plants 
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as relays. The Delaware plant was not very far advanced, but the 
Chester plant fairly along. In spite of the financial strength of the 
Philadelphia Electric Co., on account of the difficulty of raising 
funds in 1917, the construction of the Delaware plant was discon- 
tinued in December and that of the Chester plant was materially de- 
layed. While the delay at Chester was partially caused by late 
deliveries and labor shortages, time was also lost by efforts to obtain 
financial aid from the Government at reasonable rates in the hope of 
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preventing the exhaustion of the company's resources on the Chester 
plant alone. Such efforts were futile, however, and the company com- 
pleted only the Chester plant. The Chester plant relieved the south- 
em section of Philadelphia only, as the distribution system was not 
90 developed as to transmit energy in any quantity across the city to 
the northern section. 



STUDY OF DISTBICT. 



On account of the grave importance of the Philadelphia district 
to the industries of the war special attention was given to a thor- 
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ough analysis of the district, its power needs, and all the possible 
sources of additional power. Philadelphia is at the heart of a great 
industrial district; it is closely related to New Jersey, immediately 
north ; to the northwest lies Bethlehem and the great anthracite region 
of Pennsylvania, to the southwest Wilmington and Baltimore. Cer- 
tain rather distant undeveloped water-power resources existed on 
both the Susquehanna and Delaware Rivers, and an important power 
system utilizing the cheap small sizes of coal and coal recovered 
from culm piles was in operation northwest of Philadelphia, at 
Allentown and Hazleton, which furnished power to the great steel 
plant at Bethlehem. Feeders from this company reached nearly to 
Philadelphia. Similar lines existed reaching toward the New Jersey 
Co. into Camden and lines of the utility company at Wilmington 
reached Chester. Unfortunately all these companies were also pressed 
for power. In examining the suggestions for additional power for 
Philadelphia, it was often found that through these new sources 
power might also be obtained for other companies. 

SOURCES OF POWER. 

It was suggested that power be brought to Philadelphia by a 
transmission line from power plants belonging to the Lehigh Naviga- 
tion & Electric Co., enlarged and improved at Hauto and Harwood, 
the transmission line coming through Bethlehem, and also relieving 
the situation there. Another line from these plants was suggested 

foing straight to Newark, N. J., with an interconnection to be built 
rom Newark to Camden via Trenton, reaching to the Delaware plant 
of the Philadelphia Electric Co., and so combining the resources of 
the three systems. 

A supplementary possibility was the transmission of water power 
generatea on the Delaware Kiver. Two propositions of this sort 
were suggested— one consisting of the development of four smaller 
powers above Port Jervis, on the Delaware, assembled at that point 
and transmitted by two transmission lines, one to Newark, N. J., 
and one via Bethlenem, Pa., to Philadelphia — ^with the idea particu- 
larly that this power would serve to relieve the peak load of the 
steam plants at these points. It was estimated that about 300,000,000 
kilowatt-hours, at 40 per cent load factor, could be developed and 
transmitted. A much larger and more valuable plant was suggested, 
utilizing the water power of the Delaware River, mainly below Port 
Jervis, by a succession of reservoirs and power plants extending from 
near Hancock, N. Y., to Belvidere, N. J. By means of the extensive 
storage proposed no steam reserve plant would be necessary, and an 
output of about 300,000 horsepower on a 50 per cent load factor could 
be obtained. These two projects provided for peak power only, but 
this would have been an important gain. Based on prices before 
the war, it was estimated that the plant could be developed at a price 
less than $100 per horsepower — the total cost aggregating about 
$29,000,000. 

Another source of water power exists te the south — Conowingo, 
on the Susquehanna River, about 12 miles below Holtwood, the 
present hydroelectric plant supplying Baltimore and Lancaster, 
This plant would develop about 600^000,000 kilowatt-hours in an 
average year, which could be transmitted 46 miles to the Chester 
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center of the Philadelphia system and also be available for Wil-^ 
mington, if necessary. 

By an interchange arrangement reconciling frequency differences,. 
Baltimore being 25 cycles and Chester 60 cycles, a connection be- 
tween Conowingo and Holtwood would tie these two hydropowers 
to the steam power of the Philadelphia plant. A connection could 
also be made from the Delaware plant of the Philadelphia com- 
pany to the New Jersey system, reinforced in its turn by hydro- 
power from the Delaware Kiver, and to lines from the steam plants 
at Hauto and Harwood, in the coal-mining district. A further 
connection between the New Jersey plants near Jersey City and 
plants in New York City could be made and a great combination 
of resources and superpower plants be secured for the economic 
operation of a very great industrial section. 

CONDmONS FOUND. 

But neither the New Jersey system, the Lehigh Navigation sys- 
tem, Wilmington, nor Philadelphia had any surplus power. Each 
system was very short, and doing its best against many difficulties 
to supply its own demand. The water-power projects referred to 
would furnish mainly peak power, but neither could be completed 
for service before 1920. The feasibility of a large power plant 
on the Lehigh Navigation Co.'s system, situated at a point where 
it could obtain an ample and continued supply of the small and 
cheap sizes of anthracite or a supply of this coal recovered from 
culm piles or in the form of silt was carefully investigated. It 
was found that the supply of such cheap fuel for a prolonged period 
was in considerable doubt. The building of such a plant would 
have required from 14 to 16 months, so that no immediate aid could 
be looked for from this prospect. 

ACTION RECOMMENDED. 

The quickest solution, then, reverted to the original plan of the 
Pliiladelphia Electric Co., namely, the completion of the Chester 
plant and the financing and completion of the Delaware plant at 
the northern end of the city, the addition of another 30,000-kilo- 
watt unit at Chester as recommended by Mr. Darlington, chief of 
the power section, and, further, the building of the necessary inter« 
connection and main distribution lines and substations. The matter 
of providing financial assistance for the completion of this work was 
then assigned to the Shipping Board and Emergency Fleet Cor- 
poration. The reason for this was that their intksrest in the dis- 
trict's output was preponderant and, following the line of policy 
adopted, it was held that they should finance the requirements of this 
district. 

DELAY. 

Although the recommendations of the power section had been 
supported and amplified by an independent report to Admiral 
Bowles, United States Navy, of the Emergency Fleet Corporation^ 
by Dr. C. T. Hutchinson, of New York, the Shipping Board had 
a' further investigation made, and from this an imfortonate dis- 
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cussion arose which materially delayed financial assistance to the 
Philadelphia Electric Co. and which was finally closed by an 
actual shortage of power due to a breakdown of machinery. The 
discussion arose in this way: Between the time of the power sec- 
tion reports, quite early in the year, and the last investigation the 
Chester plant had been pushed to partial completion and Phila- 
delphia had been placed in the restricted zone as to war orders. 
The anticipated production, therefore, had not developed and the 
later canvass of the power situation showed an apparent power 
capacity after the second Chester unit had been started of a few 
thousand kilowatts — 15,000, approximately — more than the de- 
mand. The total installed capacity was a little over 200,000 kilo- 
watts, and a known demand existed of 185,000 kilowatts. This 
situation was artificial, existing only because additional custom- 
ers had been refused by the company for a considerable period, as 
well as for the further reason noted above. Much more load could 
have been operated had the generating capacity been available. The 
JShipping Board's investigators, however, thought that this reserve — 
15,(K)0 kilowatts — was sufficient for the winter, but the event proved 
them in error. 

It can be readily understood that a plant of the size of the Phila- 
delphia Electric Co., with its large number of machines and auxil- 
iaries and its great importance to the industries and the domestic life 
of that city, must have lar^e power capacity in reserve. A city of 
the grade oi Philadelphia mould never oe with less than 60,000 kilo- 
watts spare capacity ; so that as barely one-quarter of this was avail- 
able shortage and not excess really existed. This was soon proved 
by a breakdown of one large imit, 35,000 kilowatts, at Philadelphia, 
November 9, 1918, when a shortage developed at once. Power was 
then denied various less important consumers in accordance with the 
preference schedule of the priorities committee of the War Industries 
Board 

As the war was then ending no further action was taken looking 
toward Government aid for increased plant. A diaj^am showing 
the system and the proposed plants of the Philadelphia Electric Co. 
is attached, as is also another showing the districts of Philadelphia, 
eastern Penn^lvania, New Jersey, New York City, and Wilmington, 
Del., and the Delaware and Susquehanna Rivers. 

THB LEHIGH NAVIGATION & ELECTRIC CO. IN EASTERN 

PENNSYLVANIA. 

Reference has been made to the system of the Lehigh Navigation & 
Electric Co. operating power plants at coal mines west of Phila- 
delphia at Hauto and Harwood. This system was originally planned 
for developing power from the very small sizes of anthracite coal 
previously not utilized. This had proved to be a considerable suc- 
cess and the power was supi)lied to coal mines, cement works, and 
other industries in the viemity, as well as to the Bethlehem Steel 
Works at Bethlehem, Pa. The additional demands for power 
brought on by the war for producing coal and for the Bethlehem 
Steel Works exceeded the capacity of the company. It exhausted its 
own resources in developing its plants and was ultimately compelled 
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to appeal to the Government for assistance to meet the later demands 
of the Bethlehem Steel Co. Negotiations were in progress at the 
close of the war, but were so delayed that relief could hardly have 
been obtained in the winter of 1918-19, and a serious shortage would 
have existed on this company's lines. 

It is obvious, of course, that under these conditions this company 
could have been of no aid to the Philadelphia situation, although it 
was considered in a great i&terconnected power scheme. 

The same conditions as to shortage of generating capacity, lack of 
funds, etc., existed in connection with certain companies at Phoenix- 
ville. Pa., and Coatesville, Pa., near Philadelphia. Various attempts 
were made by these companies to obtain Government assistance, but 
up to the close of the war no such arrangements had culminated, and 
a condition of shortage would have existed in the ensuing winter. 

WILMINGTON, DEL, AND BALTIMORE, MD. 

CONDITIONS FOUND. 

While quite distinct from each other, these two cities are close to- 
gether in the same congested area ana their power problems were 
closely identical. In each city the power companies furnished electric 
power to large and numerous works whose products were most es- 
sential to the war, among them great shipbuilding works, powder 
plants, arms and munitions factories, locomotive and steel works. 
The Government itself planned larj^e plants in this section which 
required blocks of power. The problem of transportation of workers 
from the cities to large works on the outskirts was a further factor 
in the situation. 

The power supply company in neither city had sufficient resources 
to meet the demands upon it and while only one interruption of 
service occurred due to lack of power at Baltimore, if the war pro- 
gram had continued the supply of power would have proved inade- 
quate in the winter of 1918--19. 

This was developed by inspection and study early in 1918 and con- 
firmed by later examinations. It was found that the companies had 
preparea plans for expansion, but were unable to finance tnem fully. 
In both cases the companies had arranged for part of the funds 
necessary but were unable, imder the financial conditions existing, to 
obtain the remainder. 

WILMINGTON. 

The Wilmington & Philadelphia Traction Co.^ the utility company 
at Wilmington, furnished power and transportation arouna Wilming- 
ton and along the Delaware River and, with its affiliated companies, 
covered the territoiy^ nearly to Chester toward the north and to New- 
ark and Delaware City in the opposite direction down the Delaware 
River, and further supplied certain territory in New Jersey across 
the Delaware from Wilmington. 

Its plant contained generator capacity of 23,000 kilowatts but was 
limited by lack of boikrs to about 18,000 kilowatts. It had carried 
a pc^ load of 14,100 kilowatts in the winter of 1917-18, but this 
did not represent th^ full load, for the company's customers by re- 
quest had held off psut of their load and the street railroad demand 
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was also low on account of cars held out of service. A number of 
shipbuilding and steel plants demanded additional power, one of 
them going so far as to supply one-third of the money required to 
meet its requirements. 

LACK OF CAPACrrT. 

With the additional normal growth, the minimum increased supply 
required was 6,900 kilowatts. In order to furnish this, it was neces- 
sary to bring up the boiler capacity and provide an additional 10,000- 
kilowatt generator at a cost of about $910,000. The company was un- 
able to raise this smn and while it made all the improvement in its 
plant possible with the funds available, including those advanced by 
the steel company, it could not have completed the additions neces- 
sary without Government aid. 

BALTDIORE. 

At Baltimore the same situation existed on a larger scale, as power 
was supplied to Baltimore and its environs from four sources, the 
Consolidated Gas. Electric Light & Power Co., the Pennsylvania 
Water & Power Cfo., the United Railways & Electric Co. The Edi- 
son Electric Co., of Lancaster, Pa., was interconnected with Balti- 
more through the Pennsylvania Water & Power Co. 

These companies covered the dense manufacturing area in and 
around Baltimore, including many great shipbuilding, steel, muni- 
tion, copper, chemical fertilizer, and machine works, as well as the 
smaller town of Lancaster to the north and provided the necessary 
street car and interurban railway service. 

CAPACFTY. 

They had a rated generating capacity of 173,130 kilowatts^, of 
which about 73,280 was hydramic and the balance, 99,850, derived 
from steam plants. The main steam plants were those of the Con- 
solidated Gas, Electric Light & Power Co., hereafter called the Con- 
solidated Co., aggregating 68,500 kilowatts. Of these the plant at 
Westport, of 62,500 Kilowatts, is the principal one, the other plant 
on account of its inefficiency being operated only when great necessity 
arises. A small water-power plant of 400 kilowatts is also connected 
to the system and operated to the fullest extent. The maximum 
operative capacity of the Consolidated Co. in the final analysis was 
placed at 56,000 Kilowatts. On the same basis the United Kailways 
& Electric Co. contributed 24,000 kilowatts. The Pennsylvania 
Water & Power Co. is a large hydroelectric power company, whose 
plant is located at Holtwood, on the Susquenanna River, about 40 
miles from Baltimore. It supplies power both to Baltimore and 
Lancaster and has a rated capacity (variable) of 72,000 kilowatts. 
Of this, except at low water, August and September, 55,000 Idlow^atts 
was taken as the average supply to Baltimore. This gives the con- 
tinuous supply of the city as 125,000 kilowatts, which met the peak 
demands of 1917-18. 

PROBABLE DEMAND. 

In December, 1917, Baltimore had been reported by the War In- 
dustries Board as one of the cities where there was a shortage of 
power for manufacturing purposes and had been placed in the re- 
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stricted area defined by the orders of the Secretary of War. In 
spite of these endeavors to avoid increasing war work at Baltimore, 
the situation of the city and its many great industries made heavy 
additional demands for power to supply work that had to be done 
there. The restriction caused by the prohibition had diminished the 
^imated peak load for 1918-19 by 11,000 kilowatts, but the addi- 
tional power still required was over 25,000 kilowatts for large war 
customers alone. 

In addition to this the increasing railway load, the construction of 
a Government gas-shell filling plant at Magnolia and ferrosilicon 
requirements brought the estmiated increased load for 1918-19 as 
figured in June, 1918, up to 51,500 kilowatts, making a total demand 
on the whole system of interconnected plants of 177,100 kilowatts. 
Still further extension of the Government gas-shell filling plant and 
additional shipbuilding yards were considered for 1919. 

PLANS OF COMPANIES. 

« 

While a heavy increase of load on the system had been anticipated 
by the power companies in 1917 and 1918, such a demand as has iust 
been described was not expected, particularly so quickly. In plan- 
ning to provide for the demand the burden fell largely on the Con- 
solidated Co. The Edison Electric Co. at Lancaster could do noth- 
mg except economize power as much as possible. The Pennsylvania 
Water & Power Co. had several plans for increasing capacity, but 
the time and money required made them unavailable. The United 
Railway & Power Cfo. made several improvements to its plants, which 
gave perhaps 9^000 kilowatts capacity more to the system, so that 
about 135,000 kilowatts was available to meet a peak load of 177,000 
kilowatts. 

The Consolidated Co. fortunately had ordered and practically 
financed two 20,000-kilowatt turbogenerators for installation in 1918 
and had also ordered but not financed two more 20,000-kilowatt ma- 
chines for installation in 1919. It was hoped that the 1918 machines 
would be installed in July and August ana provide power during the 
low- water period of August and September. Had this been realized, 
it was expected to provide for the peak load of December by careful 
economy and temporarily shutting off power to the electric furnaces 
of the ferrosilicon worta of a company subsidiary to the Water & 
Power Co., which had primarily been built to absorb the surplus 
water power of the hydro plant during full water periods, but at 
this time its output was necessary for the war. After carrying the 
peak of December by the installation of the two 20,000-kilowatt ma- 
chines mentioned, it would have been necessary to provide for the 
additional war load of 1919 by installing the next pair of generators 
or at least one of them. This, the company could not do and it would 
have been compelled to apply to the Government for the money with 
which to do it, as its own funds were exhausted by the large increase 
it had iust completed. Had the war continued Baltimore would have 
found itsdf using every unit of its available capacity to meet its load 
with no reserve lor saiety or repair. As a matter of fact, however, 
delays in the manufacture of the first two 20,000-kilowatt generators 
were so great that they were not installed by December 1, although 
one was nearly completed. 
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SHORTAGE. 

The estimates made by the engineers of the power section were not 
excessive as shown by the fact that it was estimated that of the total 
peak in December, the Consolidated Co. would have to supply 96,000 
Kilowatts and in spite of the armistice the peak load in November, 
1918, was 82,750 kilowatts. Had the war continued there is no doubt 
the power required would have been fully that estimated. It is also 
interesting to note that during the low- water period of the Susque- 
hanna Kiver a shortage of power occurred in September so that the 
supply of power to war inc&stries was materially cut down aiid a^- 
portioned in accordance with the schedule of priority set by the pri- 
orities committee of the War Industries Board. 

THE PACIFIC COAST. 

Conditions as to the supply of power on the Pacific coast were 
investigated by Maj. Sever, ot the power section of the War Indus- 
tries Board, who was assigned to that section in May and remained 
there until the end of December, 1918. He has filed a complete report 
on the subject, with maps, to which reference is made for a full 
description of the conditions found. It is therefore unnecessary to 
go into the matter fully here — only the main issues are mentioned. 

SOURCES OF POWER. 

The question of power supply on the coast involves the utilization 
of water power to the greatest extent in order to conserve the fuel 
necessary for heating and other uses. With the exception of small 
coal fields in Washington, the coast had no fuel supply of this kind. 
The discovery of oil in the southwestern part oi California has 

1)roved of tremendous value in the last 20 years, but the supply is 
imited, and later wells are not producing as much oil as tnose 
originally bored. Furthermore, the Government, with a view to 
supplying fuel to its naval forces on the Pacific Ocean, has reserved 
a considerable portion of the California field. The annual output of 
fuel oil is becoming less rather than more, and in consequence the 
great object is to conserve the use of this fuel for purposes for which 
it is indispensable and to produce the required power supply from 
hydraulic sources, which here abound. 

SEATTLE CONDITIONS. 

One of the first problems encountered on the Pacific was on Puget 
Sound. Here a large public-utility corporation, the Puget Sound 
Traction, Light & Power Co., was furnishing power along the eastern 
shore of the sound, and two of the principal cities, Seattle and Ta- 
coma, were also furnishing power from their municipal systems. 
Great activity existed in both cities in shipyards, machine shops, elec- 
tric furnaces, electric railways^ mills, and foundries. In Tacoma the 
municipal sj^em and the utility company's system were connected 
for an interchange of power, and no difl&culty was encountered in 
supplying power. At Seattle, however, there was considerable ri- 
valry between the utility company ancj the municipality and no 
interconnection existed. The city of Seattle had been particularly 



•^^■^i"i^W^*"W*W»^P»^» 



THE POWER SITUATION DURING THE WAR. 83 

active in supplying power for war purposes and soon found itseli 
unable to meet the demand. There was no shortage of power on the 
lines of the utility company, however, and a considerable load could 
be provided by combining it with the systems of the two cities. One 
of the main power plants of the city of Seattle, at Lake Union, was 
burning fuel oil in large quantities, a great part of which could have 
been saved by interconnection with the hydraulic sources of the 
utility company. The main steam station of the utility company 
had also been changed over from an oil-burning to a coal-burning 
station. The city of Seattle, however, objected to interconnecting 
with the utility system, the difference being one of rates to be allowed 
the company. Tlie city was also very desirous of developing a water 
supply on the Skagit Kiver, in connection with which it proposed to 
build a new hydraulic power plant, which would have enabled it, ii) 
turn, to practically discontinue the use of its former water supply and 
power system. Tftiis would have taken a long time and in the mean- 
while did not provide for the power shortage or reduce the fuel con- 
sumption at Lake Union. The interconnection between the city and 
the power company was therefore insisted upon and was ultimately 
made. This was accomplished in the following manner : 

ADJUSTMENT. 

• 

The city of Seattle having sent its representative to Washin^n 
to get the permission of the Capital Issues Committee for the issu- 
ance of bonds for the building of the Skagit Siver plant, and the 
War Industries Board having been advised by the power section 
•concerning the situation at Seattle, the board made a presentation 
of the case to the Capital Issues Committee and recommended that 
the bond issue be authorized, if at all, only on condition that an in- 
terconnection be made between the svstem of the city and that of 
the utility company. This was finally agreed to ana later accom- 
plished. 

PORTULND, GREG. 

At Portland, Oreg., power service is rendered by the Portland 
Railway Light & rower Co. and the Northwestern Electric Co. 
The same industrial activity existed here as on Puget Sound, and 
the demand for power had reached a point where omy a small sur- 
plus remained. It was estimated that additional power would be 
needed within a year and the development of a hydroelectric plant 
on the upper Clackamas Eiver was recommended but could not be 
financed, although it was understood that the Shipping Board was 
ready to assist to some extent. 

DROUGHT IN CALIFORNIA. 

In California it was found that during the period from 1916 to 
1918 precipitation in the mountains had been notably low. In con- 
sequence, only a small amount of water had been stored by the larger 
hydroelectric systems of the State, causing a shortage of hydro- 
electric power for the industrial districts. It was therefore neces- 
sary to operate steam stations for long periods at high loads, result- 
ing in a neavily increased consumption of fuel oil and a higner cost 
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of production of power, in spite of which the hydro-power resources 
were gradually being depleted. 

SHORTAGE AND ADMINISTRATION. 

This condition continued until there was an extremely low hydro 
reserve on the various systems and they were in danger of a snort- 
age. This condition was most serious in the northern part of the 
State, and the power companies, with the approval of the railroad 
commission, had appointed a power administrator for distributing 
the available power in the most effective manner. Power was allo- 
cated in accordance with the importance of the industry, following 
the procedure laid down by the priorities committee of the War 
Industries Board. It was necessary to curtail power to electric 
railways, to manufacturers of cement, for gold-dredging companies, 
and for nydraulic mining. Lightless nights were introduced and a 
few small classes of industries were shut down during the serious 
shortage. 

The companies Drincipally affected by deficient precipitation and 
storage were the (jreat Western Power Co., the Pacific Gas & Elec- 
tric Co., and the Sierra & San Francisco Power Co. Because of 
financial and other difficulties none of these companies were making 
any addition to either their steam plants, which were situated at or 
near San Francisco, or their hydroelectric plants in the mountains. 
The short water supply during the preceding two years had changed 
the companies' engineering policy somewhat, in that they now found 
that it would be desirable to have sufficient boilers in their steam 
stations to develop their full electric generating capacity, but this 
for the moment was out of the question. 

INTERCONNECTIONS. 

The power administrator and the companies found it possible, 
however, to make interconnections between some of the companies 
in the extreme northern part of California and to supply some 8^600 
kilowatts of power to the San Francisco section, where the principal 
shortage occurred. The additional demand for i)ower had over- 
loaded many of the transmission lines and submarine cables across 
the bay to San Francisco, but the companies were not able to pur- 
chase additional cables. 

During the war the companies cooperated in a most excellent 
manner and worked together to utilize all the electric power they 
could develop. Several additional important interconnections be- 
sides those mentioned were made when suggested by the representa- 
tive of the power section, and his recommendations as to the best 
possible use of power were followed in every case. All the assist- 
ance possible was given the power companies in obtaining prioritie.s 
on ne^ed materials. 

It is well known that large additional amounts of hydroelectric 
power can be developed in the Sierra Nevada Mountains, and that 
the cost of development is not hiph. In view of the cost of fuel 
oil, hydroelectric power can be delivered at the industrial centers at 
n price much below the cost of steam-generated power. There is no 
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question that this plan of development should be encouraged in 
every way. 

In this connection it should be noted that the cost of fuel oil had 
risen from 60 cents per barrel in August, 1915, to $1.60 in April, 
1918. The three larger hydroelectric companies mentioned in 1918 
burned $3,180,000 of fuel oil at an average price of $1.55 per barrel. 
Even during normal periods the use of oil by these companies was 
large. Much of it can and should be saved by early hydroelectric 
developments. 

In southern California, while shortage conditions existed, they 
were not as acute as in the north. The use of power was carefully 
watched and apportioned throughout this district. The burning of 
fuel oil to save water was also necessary here, although to a less 
extent. 

LOS ANGELES SITUATION. 

A situation arose at Los Angeles which, while it did not involve 
the question of waste of power, did involve a duplication and conse- 
quent waste of labor and materials, through competition between the 
Los Angeles municipal electric administration and certain utility 
companies, which built duplicate lines and circuits throughout the 
city. Under any conditions this would be wasteful ; under war con- 
ditions it could not be permitted, and Maj. Sever prohibited the 
continuance of this practice. These orders were complied with by 
all the parties at interest. After the signing of the armistice, how- 
ever, the War Industries Board desired to close up its work, and 
therefore relinquished control of this matter. 

Had the drought of the two preceding years continued, very acute 
shortage would have been felt, but fortunately in the late summer 
and fall of 1918 heavy rains occurred, which gave ample water sup- 
ply for the immediate future. In a way the power shortage caused 
by the acute drought will prove of service in that it has pointed out 
the insufficiency of the present hydroelectric supply, and that the 
available resources must oe developed further as years go on to pre- 
vent a similar shortage and to curtail the use of fuel oil. The Great 
Western Power Co. has recently secured the fimds necessary to 
develop one of its proposed power projects on the North Fork of 
the Feather Biver and Lake Almanor as a storage reservoir. ^ At 
present two 40,000-kilowatt units will be installed. The project, 
mcluding the transmission line, is estimated will cost a little over 
$6,000,000, and it is hoped that similar developments will be made 
by other companies and the full economy of the great hydro resources 
of California steadily developed to provide for the future. 

A table showing the present and proposed power developments of 
the larger companies in California is given, and a dia^grammatic 
map is attached^ showing the various power companies on the 
Pacific coast and their locations, with an index. 

1 Not printed. 



86 



THE POWER SITUATION DURING THE WAR. 



Present and proposed cupadties of power companies in California. 



Name and location of company. 



Padfio Oas & Electric Co., San Frandsoo . . , 
Great Western Power Co., San Francisco. , 



Sierra & San Frandaoo Co., San Frandaoo./p ^|ooo } 



CaUfomia-Oregon Power Co., San Frandsoo. /^ — ' ^ 



Sootbem California Edison, Los Anseles. . . 
Soathem Sierra Power Co., Riverside 

San Joaquin Li^^t & Power Corporation... 



Present hydro. 



Maximum. 



;R 121,600 
\H 

{ 



123, eoo 

R 66,000 
69,000 



10,810 



116,000 
35,100 

/R 33,060 
\H 32,750 



low water. 



} 



90,000 
69,000 

10,800 

16,200 
87,000 



} 



23,666 



Present steam. 



Maximum 
installed. 



A 49,000 

B 5,000 

C 21,000 

j&T 20,000 

to 10,500 

NB •27,000 



106,000 
8,900 

14,000 



sable. 



45,000 
6,500 
17,000 
15,000 
10,600 

18,000 



14,000 



Minimnm* 



40,000 
6,500 
13,500 
15,000 
10,500 

18,0a> 



77,000 



14,000 



Name and location of company. 



Pacific Oas & Electric Co., San Francisco. . 

Great Western Power Co., San Frandsco. . 
Sierra & San Frandsoo Co., San Frandsoo. 



Pitt River, Sheep Rooks 

CaUJbmia-Oregon Power Ca, San Frandsco. 



Total cost, northern 

Soathem California Edison, Los Angeles. . . 
Southern Sierra Power Co. , Riverside 

San Joaquin Light Si Power Corporation... 



Total cost, soathem. 
Grand total 



Proposed 

hydro 
kilowatts. 



( 



25,000 



•40,000 
•25,000 
»9,000 
» 9,000 
"7,000 
u 32, 000 

!• 12,600 



{ 



113,000 

8,600 

M 49, 600 
» 204, 500 



Proposed steam 
kilowatts. 



[A «5,138 
[C >2,400 



NB«2,500 
•9,000 



}• 



(") 



•15,000 
•6,000 



(') 



(") 



Cost of 
new de- 
velopment. 



4 152,700 
•7,200,300 

6,000,000 

I 2,710,000 

u 3, 000, 000 
1,541,000 



20,978,300 



20,000,000 

5,139,000 

••7,700,000 
22,(^,000 



48,089,000 



69,067,300 



Time of 
completion. 



No. 2 sta- 

tion, 21 
years. For* 
avoe,Spaiil- 
dlng. Bow- 
man, 1 to 
li years. 
2 years. 



« 



year. 
^3 years. 



31 years 
lito2 



li to 2 years. 
1 to 8 yean; 
1918 to 1921. 

1 to 4 years. 



> Bear River. 

• Horsepower. 

• Kilowatts. 
« Boilers. 
•Hydro. 

• Feather River. 
'None. 



• Bdtors, 10,408 horsepower. 

• Stanislaus River. 
1* Generated. 
uGaln. 

u North Beadi Station. 

u Pitt River. 

>« Without transmission lines. 



^ Proposed dam,etc. 

!• No. 2 Stotion, Klamath River. 

17 Cooling tower. 

w First. 

u mtimate, includixig above. 

•• Including lines ana substations. 

•» Ultimate. 



SOUTHERN STATES. 



GENERAL INVESTIGATION. 



The Southern States are served b^ large interconnected power com> 
panies in North and South Carohna, Georgia, Alabama, and Ten- 
nessee. The war industries particularly involved were the great cot^ 
ton industry with its many branches, the lumber industry, and the 
iron and steel industry centering around Birmingham, Ala. Several 
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great nitrate plants were planned to be placed in the South by the 
government, notably at Muscle Shoals and Sheffield. This district 
was so large and the sources of power scattered over so much terri- 
tory and so united by interconnections that, after a preliminary sur- 
vey, representatives of all the power companies in the territory were 
summoned to Washington early in 1918 by the power section, and 
Gen. Keller, Mr. Bulklev, and Mr. Darlington placed before these 
representatives the possible power re(][uirements of the Government 
for nitrate plants in the southern district. Blocks of power de- 
manded by the nitrate plants of the unit size adopted, it was foimd^ 
would not be readily available. The representatives of the companies 
took the matter under consideration, carefully studied the situation, 
and presented a report to the committee at a later date showing about 
what could be done. While no acute shortage of power was shown, at 
the same time it was found that no large amounts of power were 
available for Government purposes. 

ALABAMA. 

A later study was made of the situation in the Alabama territory, 
particularly as to the location of a relay unit for the nitrate plant 
at Sheffield, in northern Alabama. The question to be decided was 
whether it would be placed at the Sheffield plant itself or at the 
Warrior plant of the Alabama Power Co., where it would not only 
be available as a relay for Sheffield, by means of transmission lines, 
but would be more useful in case of shortage developing in the steel 
section of this district, which was quite close to the Warrior plant. 
The Warrior location was reconmiended, but was not adopted by the 
Ordnance Department. A few other minor investijgations were made 
as to interconnections and available power near Chattanooga, Tenn., 
and at one or two other points. 

DETAILED SURVEY. 

In order to definitely check up and determine the power resources of 
the whole district, as described by the report of the power companies 
already referred to, Mr. Darlington started a detailed survey of this 
district in the summer and fall of 1918. This survey, however, was 
not completed at the end of the war and was temporarily discontin- 
ued. Since then it has been taken up again and is appended hereto, 
marked "Appendix E." 

DROUGHT AND SHOBTAGB. 

During the investigation made by the power section before the war 
ceased, due to unprecedented drought, a severe shortage of power took 
place in North and South Carolina. This shortage made it necessary 
to administer the supply of power available by applying the rules of 
the priorities committee of the War Industries Board. This was 
done b^ curtailing the supply of power to cotton mills and calling on 
all the industrial plants connected with the power system but having 
their own steam plants to operate them. This order applied through- 
out both Carolinas, Georgia, and to a certain extent to the cus- 
tomers of the Soutnem Power Co., which interchanged power with 
the Central Georgia Power Co., the Carolina Power & Light Co., and 
others operating m this district. Some difficulty was encountered in: 
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getting individual plants in operation, but further relief was ob- 
tained hj curtailing power to nonessentials and to the lower classes 
of essential industries until heavy rains at the end of October gave 
permanent relief. 

NORFOLK, VA. 

Investigation of the conditions at Newport News, Norfolk, and 
Eichmond, Va., was made in the spring of 1918. The power supply 
of this district was furnished by plants of the Virginia Railway & 
Power Co., and of the Newport $fews & Hampton Gas & Electric Co. 
The Virginia Railway & Power Co. had two generating centers, one 
at Richmond and one at Norfolk, Va. A shortage was anticipated 
at Norfolk, and the company had planned the installation of a large 
machine at Richmond and the builain^f a transmission line through 
to connect the Norfolk system with Richmond. For local reasons 
it was found best to place the additional generator at Richmond and 
transmit to Norfolk. In May, at the time of the investigation, the 
company had financed this work and had the situation well in hand. 
Unfortunately, however, in the fall a series of accidents took place in 
the Norfolk plant before the interconnection had been made. Ex- 
tensive repairs had to be made to boilers and no relief could be ob- 
tained from the outside. The breakdown of the steam generating 
capacity occurred, no doubt, on account of the increased load re- 
quired by war activities at xN orf oik, and not only reduced the electric 
?ower supply but seriously affected lighting and transportation. 
Conditions became acute, and the control of the situation was taken 
over by the local board of control of War Construction Activities, 
headed by Rear Admiral Harris of the United States Navy. The 
condition just described had not changed and was kept under con- 
trol of the board after the armistice until the plant of the Virginia 
Railway & Power Co. could resume its functions. 

VIRGINIAN POWER CO. AND APPALACHIAN POWER CO., W. VA. 

The Virginian Power Co. supplied power for the operation of a 
large number of coal mines in the Mew River and Kanawha coal 
fielas, its generating station being: situated at the mouth of Cabin 
Creek on New River. This company had a generating equipment of 
two 8,250 kilovolt - ampere turbogenerators with sufficient steam 
equipment. The maximum load, however, had about reached the in- 
stalled capacity and increased load was anticipated from the in- 
creased coal output and from powder plants to be installed in the 
vicinity. In the beginning of the year one of the generators was 
under repair for a considerable period, and the company were in- 
stalling a second-hand machine of about the same size. 

The Appalachian Power Co.'s system was to the south of the Vir- 
ginian Power Co., the main generating station being about 20 miles 
south of the terminus of the lines of the Virginian Power Co. The 
Appalachian company had considerable power resources of its own 
and also had interchange connections with the plants of other systems 
in its vicinity. A survey of the locality was made early in 1918 on 
account of anticipated Government demands. Provisions had already 
been made to aid the Appalachian Co. in securing an 18,000 kilovolt- 
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ampere generator, and after consideration of the interconnection pos- 
sibilities a strong recommendation was made by Mr. Darlington, 
chief of the power section for the building of a power transmission 
line 10 miles long between the Virginian and Appalachian En^stems. 
By this means the resources of the two power companies would have 
been amply sufficient for the demands upon them. On this basis it is 
understood a contract was made by the Ordnance Department for the 
purchase of power for one of its powder plants near Charleston, 
W. Va. — a condition of the contract being that an interconnection 
should be made. 

LORAIN AND BLYRIA, OHIO. 

These two cities and vicinity are supplied with electric power 
by the Lorain Coimty Electric Uo., and have no connection witn any 
other source of power. At the beginning of 1917 the company 
foresaw a shortage in its generating capacity, and designed an addi- 
tion of 10,000 Ulovolt-amperes in one ^nerating unit. It estimated 
that the cost of this plant would be a httle under $900,000, and pro- 
ceeded with its construction. By the early summer of 1918 it was 
found that on account of the increased price of labor and materials 
the construction would cost nearly $1,200,000, and thie company 
found itself unable to finance the additional cost. By this time the 
demand on the station had increased to a point where it was barely 
able to carry its load. The company was supplying essential war 
industries, such as shipyards, ore docKs, steel works, automobile fac- 
tories, etc., and these customers and others were demanding more 
power. During 1918 inspections of the plant were made, which sub- 
stantiated all these conditions. The company finally appealed to the 
Government for assistance. Their claim was carefully considered, 
and they were granted assistance by the War^ Department on the 
basis adopted for the West Penn Power Co., using the same general 
form of contract, but in this case the company assumed 50 per cent 
of the excess war cost, whereas under the West Penn contract the 
company did not assume any. The negotiations in this matter were 
carried to completion in September and October, in so far as reach- 
ing an agreement was concerned and having the contract approved by 
the necessary authorities. The company had been assurea the con- 
tract would be executed and had proceeded with the work, incurring 
considerable expense on account of this assurance. In consequence 
this contract finally was approved and signed in spite of the fact 
the war closed during the negotiations. It was ultimately approved 
by the Secretary of War on February 6, 1919. 

BUCYRUS AND MANSFIELD, OHIO. 

When the situation in these two towns was investigated early in 
1918 it was found that the interests operating the public-service com- 
pany at Mansfield had an option on the plant at Bucyrus. In view 
of its probable sale no provisions had been made for additional de- 
mands upon it, and it had gotten into a heavily overloaded condition. 
The ultimate plan was that it should receive power from the plant 
of its purchaser, the Bichland Public Service Co., at Melco, Ohio, a 
power station southeast of Mansfield. This company had machinery 

710S— 21 7 
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on order sufficient for its needs as well as for Bucyrus. It would 
have installed this equipment and built the necessary transmission 
line to Bucyrus, but was unable to arrange for the necessary funds^ 
about $500,000. Efforts were made throughout the summer of 1918 
to obtain this money through the War Finance Corporation, but these 
efforts were unsuccessful. At the end of September, when this con- 
dition was ascertained, Mr. Darlingtcm recommended that the 
Emergency Fleet Corporation consider furnishing aid to this com- 
pany, as the products of the district were slightly more urgent for 
that corporation than for other departments ox the Government. 
The matter dragged along, however^ until the closing events of the 
war, and consideration of it was nnally dropped. No relief was 
ever given to this locality. 

LITTLE ROCK. ARK. 

The situation in this district as to power shortage and necessary 
Government aid was treated in a somewhat different manner from. 
the others, and it is therefore noted here. 

The power supply of this district came from the Little Bock Bail- 
way & Electric Co. Its generating station at the beginning of the 
war was obsolete and in poor condition and there were trequent inter- 
ruptions to service. Early in 1918 the United States, through a 
chemical company, started the erection of a picric-acid plant at 
Picron, a short distance from Little Bock. This plant woula require 
about 2,000 kilowatts, and to secure this it was decided that the Gov- 
ernment should install a 1,250 and a 3,000 kilowatt generator in the 
Bailway & Electric Co.'s plant and construct a transmission line to 
Picron. The smaller generator was installed and put in operation 
early in October. The larger machine was delivered at the works 
of the company, but on the signing of the armistice work was 
stopped. Tne company, with further assistance through the chem- 
ical company and the Ordnance Department, was installing a new 
boiler with stoker equipment and an auxiliary plant for the treat- 
ment of the water. 

(Note : Part 4 is not printed.) 



Fast 6. 

THE RELATION OF POWER TO PRODUCTION. 

There can be no dispute that an increased supply of power will 
produce increased output, given the means of application of the 
power, but it is difficult to make comparisons givin[^ the specific 
results that would accrue from additional power facilities in a given 
location because we do not have sufficient records of such cases for 
two consecutive periods,. one without and the other with the addi- 
tional power. In consequence we can only show figures of different 
places with different amounts of power supply and their records of 
production during the years of tlie war. in some instances, how- 
ever, we can show increased output of various products as more 
power was provided. The rapid absorption of the increase in out- 
put of power stations from year to year of course plainly shows 
the increasing demand of industries in general for power for pro- 
ductive purposes. 

For two reasons difficulty was encountered before Congress in 
showing that Government aid to private power plants woula benefit 
the war output: First, the financial and economic condition of the 
companies, as explained in the first part of this report, was not 
appreciated; and, second, the information as to relative production 
was not then available, and while the influence of power supply upon 
output was clear it was as difficult to prove as an axiom. It is in 
the hope that it lyill be of value at some future time that the in- 
formation now available is put down here. 

The statistics are given in general form. Except for the names 
of main districts and companies definite descriptions of the manu- 
facturing companies are not given. In many cases only a final per- 
centage statement can be submitted, as the details were given in 
confidence. 

The increase of power described requires the development of 
progi-essively larger power plants with increased economy in opera- 
tion, saving in coal, and cheapening of the final product — power. 
This is a most important result of the emergency problem presented 
by the demands of war, in that development along these lines of 
enlargement and economy are fundamental in conducting the com- 
petitive struggle for world trade in time of peace. The effect 
of the war on the power industry of the future ana the proper line of 
progress are discussed in closing this report. In this part the results 
of adding power will be shown as far as may be from the data at 

hand. 

Presentation of this data is ^iven for two main districts-^Pitts- 

burgh and eastern Ohio and Niagara Falls and Buffalo — ^which are 

sufficient for demonstration. The same result would be found in the 

other districts. 
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PITTSBURGH AND EASTERN OHIO. 



For this district, the output of the principal power plants is shown 



in Chart No. 1, for the years from 1914 to 1918, inclusive, which 
shows diagrammatically the increased output and i 
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in number of kilowatt hours. The output for each year and tlie 
increase over the preceding year are as follows : 



Yctr. 



1014. 

1015. 
1916. 
1917. 
1918. 



Kiloifitt-hour 
oatpat. 



HMsl. 



085,210,000 

847,«V),000 

1,192,040,000 

1,406,602,000 

1,668,999,000 



Increvw, kilo- 
wfttt-hmxfs. 



102,19Q,OOq 
344,010,000 
273,662,000 
197,23/,0flfl 

—  "  ^ 

977,68»,Q0(i 
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This shows an increase in output of 142.8 per cent in four ye 
of which nearly 100 per cent occurred in two years, 1916 and II 

It will be seen from the chart that after about the middle of II 
during the two years of greatest stress, the curve of supply could 
follow the demand, and had not the new power plant at Wind 
W. Va., supplied 241,780,000 kilowatt hours of energy the act 
output would have shown a much worse condition. 




fjoTsr 



Chart No. 2 shows this in a more marked way, as it sets out 
(."ondition in Pittsburgh proper and in its immediate vicinity 
served by the Duquesne Light Co. and the West Penn Power 
The Duquesne Li^t Co. hdd its own f airlv well until the mid 
of 1917, when, as ue history of the case has shown, it could no Ion 
keep up with the demand and the line showing actual supply dept 
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from the known demand. In the case of the West Pain Power Co., 
on account of need of repairs, a heavy demand for power from coal 
mines, etc., the point of departure of supply from demand began in 
1916, continued until the end of the year, and undoubtedly affected 
the output of coal from its district. In each case the stepped line 
shows tne output, the inclined full line the peak loads, and the in- 
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dined broken line shows when and how the demand began to exceed 
the output of the corresponding plant. 

Chart No. 3 shows a marked example of the effect of added ca- 
pacity. It represents the output of Massillon and Warren, Ohio — 
towns ^uite similar in the size of their power plants and in the 
industries, principally steel plants, dependent on them. They were 
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doing almost the same business in 1916, but in 1917 the plant at 
Warren was increased in net capacity by about 6,000 kilowatts. In 
1916 its output was 16,500,000 kUowatt hours; in 1918 it was 50,000,- 
000 kilowatt hours, three times greater; and as a coincidence this 
increase of 88,600,000 kilowatt hours, so made available, is almost the 
total amount of electric energy furnished by the c(»npany in 1918 
to its three principal steel-manufacturing customers, with an aggre- 
gate finished steel product of 248,000 tons in that year. 
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The Massillon company, on the other hand, could not obtain funds 
to add to its plant and could take on but little more demand. By 
strenuous effort and the highest order of management and operation 
it succeeded in distributing its load over the 21 hours of the day, 
and tiiereby increased its output over 180 per cent between 1916 and 
1918. It is known that it was never in a positiim to meet the addi- 
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tional demand waiting upon it, which was fully as high as that 
reached by Warren in 1918, 17,500 kilowatts. In consequence, the 
Massillon district fell short of the steel output it should have fur- 
nished, compared with Warren, by an amount equivalent to 15,000,000 
kilowatt hours, stated in terms of tons of finidied steel. 

Chart No. 4 shows the development in the territory around Youngs- 
town and the absorption of capacity when finished. In 1916 a 15,000- 




kilowatt generator was installed, which enabled the plant to carry 
the peaks of 1916 and 1917, 9,000 kilowatts more than of 1915. At 
the end of 1917 the demand was still rising and another 16,000- 
Idlowatt generator installed to meet it in 1918-19. 

Chart No. 6 shows the record for Akron, Ohio. In this case by 
additional machinery the company had met its demand in 1917 but 
in 1918 could only increase its output slightly, as it was limited by 
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boiler capacity and lack of condensing water for increased operation. 
It met this condition by making arrangements, with the financial as- 
sistance of a large customer at Akron, to obtain power by a trans- 
mission line to Canton where it would connect with the large plant 
at Windsor. This power was not available before the armistice. 
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Chart No. 6 gives an example of the rapid absorption of energy 
when supplied, and further is the story of narrow escape from a 
serious shortage. In this instance, at Canton, Ohio, the utility com- 
pany generated and distributed energy from its own station, but was 
limited in output by an insufficient supply of condensing water. The 
Canton power plant was also connected by transmission lines with 
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the laree and efficient plant at Windsor, which has been so frequently 
referred to. It was ultimately expectea to obtain the main supply of 
electric energy for Canton from this plant. Due, however, to acci- 
dents, delays, temporarily decreased capacity, and other insistent de- 
mands, Windsor was not able to do all that was expected of it in time. 
The main generator at Canton broke down and was not able to oper- 
ate again at full i:^pacity during the war. In consequence, the great 
increase in output shown was onl^ obtained by the combined opera- 
tion of the two stations, frequent mterruptions occurred, and the two 
plants had difficulty in meeting the demand. Two large steel works 
had put in plants of their own which at times even supplied energy 
to the power plant. The important part that Windsor played, how- 
ever, is shown on tiie chart. In 1917 Canton gen^ated 90,006,000 
kilowatt-hours out of a total of 119,000,000. In 1918 it only gener- 
ated 44^633,000 out of a total of 158,000,000, the balance coming 
from Windsor. 

PRODUCTION CHARTS OF DISTRICT. 

In order to show the cumulative effect of shortage of power, labor, 
and transportation facilities, charts were obtained showing the actual 
decline in output of the great staples of the Pittsburgh district steel, 
coal, and machinery. Tms occurred in si)ite of an increased capacity 
in furnaces, milling facilities, and factories. These charts show tlus 
graphically from 1915 to 1918. 

Cnart A shows that although manufacturing capacity rose from 
16,000,000 tons in 1915 to near^ 18.500,000 tons m 1918, steel produc* 
tion decreased from 95 per oent oi capacity in 1916 to about 83 per 
cent at the end of 1918. The increased manufacturing capacity, how- 
ever, gave an increase of actual output in 1918 notwithstanding the 
reduction in ei&ciency. 

Chart B shows that although the mining capacity increased from 
60,000,000 tons in 1916 to 63.500,000 tons m 1918 the production of 
coal fell from an output or 93 per cent of capacity at the high 
point in 1915 to less than 70 per cent in 1917 and reached an average 

Sossibly of 75 per cent in 1918. Many times for considerable periods, 
ue to strikes, weather, etc., the production fell far below these fig- 
ures, materially reducing the output of coal during the two critical 
years of 1917 and 1918. During 1918 it is known that the power 
companies were never able to meet the demand for electrical energy 
required for coal production. Various estimates have been made of 
the effect of electric power supply in increasing the output of eoal 
mines and decreasing the use of coal and labor in its production. 
Electric companies give statements of increase in output of 10 per 
cent to 100 per cent, depending on conditions — of decrease in labor 
of 2.5 per oent and of saving in coal of from 150 to 175 pounds 
per ton produced. The result of a full supply of electric power is 
obvious from these figures. 

Chart C is a similar diagram representing the machinery output, 
which again in the face of increasmg capacity shows a decrease in 
percentage of capacity utilized as well as a small decrease in actual 
product. It is btiown that in 1917 and 1918 the power supply was 
not sufficient to meet the demands of this industry. In all three 
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charts the marked deflection marked '^ fuel holidaj^s " means shortage 
of fuel and power, these holidays being declared in order to catch up 
in the supply of fuel, which was running dangerously low. 

An independent estimate was made by the various utility compa- 
nies and the chambers of commerce in the Pittsburgh and eastern 
Ohio district of the increased output and its value were a full sup- 
ply of electric energy developed. This is shown in Chart D (Plate 2) , 
and is based on an output of $1,000 of manufactured product for each 
kilowatt-year of power used. With Chart E (Plate 1) it further 

g'ves their estimate of the size and cost of additional plant required, 
ow the value of $1,000 per ton of manufactured product was derived 
and how the tonnage output was estimated is not known. The fig- 
ures of cost of plant, based on 1918 standards, are higher than the 
estimates of the power section of the War Industries Board. 

These two charts are included here as showing the connection 
between power and production as developed by oiler agencies and 
tending to confirm the conclusions of this report, although the esti- 
mates m each case are higher than those of the power section. They 
show, in brief, that additional electrical plant of 581,250 Hlowatts, 
costing $50,000,000, would enable the district to increase its output 
6,000,000 tons, with an aggregate vahie of $818,000,000. 

NIAGARA FALLS AND BUFFALO. 

In this district, particularly near Niagara Falls, were clustered 
a number of large industries requiring great ^ quantities of cheap 
power, chemicals, electrodes, ferro-alloys, aluminum, abrasives, and 
electric steel being the principal products. From Buffalo east to 
Syracuse were many other factories almost as important for war 
purposes. 

Every means was used to obtain more power for war industries 
in this section, and this power was absorbed as fast as it could be 
secured, although it was much more expensive than that from the 
usual hydro sources. 

From 1914 to 1918 power in kilowatt-hours per year developed 
by the plants situated on what might have been termed the Niagara 
system from Buffalo to Syracuse was : 

; I 

Year. \ ^iS"' ' !««'«»>«• 



lOU. 

1910. 
191T. 
lOlS. 



2,124,485,773 
2,438,733,210 
2,767,200,650 
3,004,605,010 
8,2Q6,905|384 



Total. 



14,247,448 
328,467,334 
337, 404, 400 
172,300,300 



842,410,011 



An increase of 34.7 per cent in four years. 

Of this increase the four large power companies at Niagara Falls 
and Buffalo, Niagara Falls Power Co., Hydraulic Power Co., Nica^-^ 
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ara, Lockport & Ontario Power Co., and the Buffalo Electric Co., 
contributed the larger part, as follows : 



Year. 



1914. 
1915. 
1916. 
1917. 
1918. 



Kilowatt- 
hours. 



Increase. 



2,125,985,410 

2,133,501,883 7,670,423 
2,391,096,380 • 257,634,556 
2,673,529,313 ; 282,432,924 
2,821,218,893 i 147,089,580 



Total [ 095,233,483 



The table shows an increase of 32.7 per cent in four years, 82.6 
per cent of the total increase in the district. Of this increase again 
the larger amount came from the steam sources of the Niagara, Lock- 
port & Ontario Power Co. and the Buffalo General Electric Co. 
It will be noticed that, as elsewhere, a large increase of power had been 
developed in 1916 before our entrance into the war. The output in 
1918 was abnormally low on account of serious ice jams m the 
Nia^ra River above the Falls in January and February. 

While the power capacity added to this district was not great on 
account of its long average daily use, the additional quantity of 
power so supplied was large. It was absorbed as fast as produced, 
and the results show in the increa^sed output of those products most 
necessary for the war. 

The exact data of power and product can not be Quoted, as it wa« 

fiven in confidence, but assuming the power used in certain in* 
ustries in 1914 as unity, the proportion of increased power absorbed 
is given below : 



Products. 


! 1 

1914 


1915 

1.22 
1.48 
.69 
1.60 
1.00 


1916 

1.55 

2.22 

.93 

2.33 

20.57 


1917 


1918^ 


» 

Chlorine, etc 


1.00 
1.00 ' 
1.00 
1.00 
.00 

1 


1.87 
3.98 
1.18 
2.66 1 
31.74 
1 


1.82 


Electrodes 


Sl57 


IP^iTortMoon 


L» 


Fliosvlioras. etc 


3.00 


liaffnenium ........... t 


'50.12 







I Eleven months. 



In several of these industries, in spite of the power added, there 
was never enough to operate at full capacity. 

The production of chlorine could have been increased 10 per cent 
further if apparatus requiring 4,000 horsepower could have been 
put in use. In spite of this, it is reported that 2,513 tons of chlorine 
and 20,577 tons of bleaching powder in excess of the normal output 
were shipped from Niagara Ealls in 1918. 

Based on incomplete returns the production of electrodes increased 
in 1918 over 1917 by 7^600,000 pounds. 

Figures for ferrosilicon are available only for 1917-18. In 

eairlier years the same power was used in part for other products. 

: If additional power could have been supphed, sufficient equipment 

^ was available to have increased the product in 1918 by from 15 to 20 

' per cent. In spite of the small percentage of increased power shown 
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between 1917 and 1918, the amount of power used in this industry 
is so large that the added power is a considerable amount when 
expressedin horsepower. Rough estimates show in one case a use of 
704,000,000 kilowatt-hours in a year; if an allowance of 7,000 kilo- 
watt-hours is made for each long ton of product, the output would 
have been 100,000 tons, less deduction for interruption to power 
supply and other causes. 

Tne production of phosphorus and its compounds increased by 
86.5 per cent in 1918 over 1917. 

The returns from four electric and crucible steel works in the 
district show an increased use of energy from 1916 to 1918 as follows: 

Ellowatt- 
boura. 

1916 12, 740, 645 

1917 1 27, 877, 482 

1918 43, 986, 281 

Percentage of increase: 

1917 118. 9 

1918 57. 6 

In one case the output in 1918 was nearly twice that of 1916. The 
demand for still more power from these and other works could not be 
granted during the war. 

Considering guns and shells, information from four works shows 
the production — forging and machining — in 1918 of 822,000 one hun- 
dred and fifty-five-millimeter shells with an over-all use of 9,970,000 
kilowatt-hours, and output of 2,870,000 seventy-five-millimeter shrap- 
nel shells, complete, loaded, with an over-all use of 12,960,000 kilo- 
watt-hours, and an output of 580 seventy-five-millimeter guns using 
4,200,000 kilowatt-hours. 

To sum up the situation at Niagara Falls, it is desired to quote an 
extract from the report of Mai. K. S. Hardy, Engineers, who was 
stationed in the Niagara-Buffalo district during the entire year of 
1918. This is an entirely independent opinion which supports the 
main points of this report. 

ifaj. Hardy states : 

If 260,000 horsepower additional could have be^i available at Niagara FaUs 
on January 1, 1918, and if at the outbreak of the war the fact that the power 
would be avaUable had been known, practically all of this additional power 
would have been absorbed by the first of 1918 by electrochemical and electric 
furnace industries, if proper Qovemment aid in securing materials and in 
financing them had been given. That is, the output of aluminum, ferrosilicon, 
chlorine, phosphorus, and abrasives could have been doubled. 

It is hoped that these statistics, while* incomplete and not ex- 
haustive, show that as fast as the supply of power could be increased 
it was absorbed, and that the result was a speedy increase in product. 
If so, then they also demonstrate the fact that when no other re- 
source was available every dollar put into the production of electric 
power by the Government would have promptly produced its quota 
of sorely needed munitions and equipment for the war. 
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Part 6. 

THE SUPPLY OP POWER IN THE UNITED STATES, THE 
EFFECT OF THE WAR UPON IT, AND ITS COST AFTER 
THE WAIL 

The studies and review of the power industry in the preceding 
parts of this report have developed certain facts leadiujg to conclu- 
sions serious in their effect on the future supply and price of power 
in this country. 

While the supply of power by means of electricity is principally 
considered because the neatest amount of energy is distributed in 
that form, yet the conclusions apply to all power generated from 
coal. 

The outstanding and most serious fact is that the cost of hUumi- 
nous cocH in the main industrial areas of the United States has 
doubled since the war began and the cost of power generation has 
almost doubled on account of this and other increased costs. No 
reductions in the price of coal seem probdble. 

Knowing the past and present waste of fuel by the individual 
tvpe of power plant, as well as the economies that can be made in 
tne average type of smaller central-station power plants and other 
sayings possible even in the larger plants, it seems impossible that 
this waste can be allowed to continue when its cost has been multi- 
plied by two with the hope of only a slight reduction in the future 
ruel costs. 

^ The engineering remedy is known. It consists of the centraliza- 
tion of steam electric-power generation in large and efficient plants 
at the most economical places of production ; the development of eco- 
nomical water power, although this will always be a smaller source 
of power than steam; and the efficient distribution of power from 
these power centers and combinations of them. 

This remedy, however, requires the permanent investment of 
money in large amounts. To induce the flow of money into the 
business of power production requires the same incentive as in any 
other business, viz, a reasonable return on the investment with a 
prospect of reasonably increased profits obtained from improve- 
ments in equipment and operating methods. 

Our laws do not at present furnish much incentive to encourage 
rapid progress in the saving of fuel and the production of cheap 
power. 

This part of the report endeavors to show the increased costs of 
power throughout the country and, in view of the probable continu- 
ance of the present cost over a period of years, suggests an investi- 
fation with a view to changes in our present practice and policy, 
'o do this the subject is developed in the foUowmg order : 

^ , 1. ?rhe present and prewar cost of fuel as deUvered to power-generating sta- 
•'tipnq'ln the sections of the country studied by the power section. Its effect in 
: itQcreasing the cost of power and the reason for its remaining at a high level in 
'the future. 

102 



THE POWER SITUATION DUBING THE WAB. 103 

2. The growth and increasing use of electric power by the industries of the 
country as supplied from central electric stations. 

3. The present relative waste of our fuel resources in produdng steam and 
electric x>ower and the necessity for the development of our hydraulic sources 
of power. The furttier fact that these are limited in our main industrial sec- 
tions and will not only produce the smaller portion of the required power 
supply, except on the Pacific coast and in the Southern States. 

4. The change of the method of more or less individual power production to 
one of centralization and cooperation by interconnection. 

5. Notes on the effect of the present national and State laws relating to cen- 
tralization, rate regulation, and natural resources, with a suggestion of the 
necessity for providing an incentive for saving coal and producing cheap power. 

6. The effect of cheap power on production and wages in this country and its 
importance in world trade. 

(1) THE PRESENT AND PREWAR COST OF FUEL AS DELIVERED 
TO POWER-GENERATING STATIONS IN THE SECTIONS OF THE 
COUNTRY STUDIED BY THE POWER SECTION— ITS EFFECT IN 
INCREASING THE COST OF POWER AND THE REASONS FOR ITS 
REMAINING AT A HIGH LEVEL IN THE FUTURE. 

In the fall and winter of 1916-17 a severe shortage of coal was 
generally feared and a great rise in prices occurred due to the sudden 
and alarmed demand. Ibituminous coal rose in price from $1.50 or $2 
per ton to $5 and $6 and higher. Contracts for the year 1917 could 
only be made at fibres averaging from $3 to $5 and $6. 

As a result an mvestigation of the bituminous-coal situation was 
begun in May, 1917, by the Secretary of the Interior and the Council 
of National JDef ense, in consequence of which a price was set through- 
out the country of $3 per ton at the mines, with a selling commission 
of 25 cents a ton to the wholesalers. 

In August, 1917, Congress passed H, R. 4961. genenilly known 
as the Lever Act, which authorized the fixing ox 3ie price of coal 
and coke. 

Under this act, on August 21, 1917, the President announced new 
prices on bituminous coal at the mines throughout the United States, 
which, for run-of-mine coal, ranged from $1.90 to $3.25 a ton, ana 
were generally much below the prices previously set by the Secretary 
of the Interior and the Council of National Defense. 

On August 23, 1917, the President ai)pointed Mr. H. A. Garfield 
Fuel Administrator and delegated to him the powers conferred by 
the Lever Act, and thereafter the Fuel Administration took charge 
of the situation. On this date the President fixed prices for Penn- 
sylvania anthracite coal. Except for two raises in wage scales, these 
prices on anthracite remained unchanged. The price of anthracite 
at the mines at the end of 1918 was about 30.5 per cent over pre- 
war prices. ^ 

As bituminous coal is generally used in the central station genera- 
tion of power, it should be understood that, unless special mention is 
made, the statements made cover this kind of fuel. 

The Fuel Administration made various revisions and adjustments 
of the President's prices until, in January, 1918, an advisory board 
of engineers was appointed to study and review costs and advise the 
administrator. A raise in the wages of miners had occurred shofl^ 
before the war, one was granted during the war, and the costs of":' 
supplies for mining increased with the general advance of materiaLi 
In addition to these increasing costs at the mine, the Bailroad Ad- 
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ministration increased its freight rates about 25 to 30 per cent early 
in its career. 

It would be very difficult to trace in detail the effect of these 
changes and adjustments, so that in order to demonstrate the actual 
result of an increased cost of fuel and of power the prewar and 
present prices of fuel, as given by the central stations or the several 
districts described in this report, are quoted here. 



District. 



Kfausam-BoiXalo (Buffalo to Syraotuo). 
Plttsbuith-Eastern Ohio: 

Central stations 

Private industrial plants 

Cleveland. Lorain, Tcdedo 

New England 

New York City-New Jersey 

Baltliiiore, Wilmington, Philadelphia. 

The Sootbem States 



Coal (short tons) 



Prewar 
prices. 




12.442 

1.M9 

2.00 

1.714 

8.M 

2.90 

2.786 

2.884 

1.20 

2.65 



$4,822 

3.413 
4.00 

7.81 

6.80 

5.08 

4,8S3 

3.10 

3. 80 



The Fadflo coast. 



Fud oil per hamL 
0.70 t 1.65 



By applying these prices to the energy output and the tonnage for 
1918 to wliich they individually belong, we get the increased cost of 
power generated by fuel for a considerable portion of the total out- 
put, as shown in the table following: 

Table showing effect of doubled coat of coal — Actual coal consumption and cost 
in 19J8 of the largest power-generating plants east of Indiana and north of 
Virginia idth comparative cost of average prices for coal prevailing in J 9 15. 



Location. 



Kilowatt- 
I hours gen- 
I eratedin 
1918. 



New England (6 States 
97.8 per cent of total 
steam generated) 

New York City (New 
York Edison and 
United Cos. plants 
only close estimate) . . . 

New Jersey (Philadel- 
phia, Wiimint^ton pub- 
lic utilities plants) 

Baltimore 

Buffalo, Lyons (Roch- 
ester. Geneva, public 
utilities plants; 

Cleveland (Toledo, Tx>- 
rain, public utilities 
plants) 

PittsbutKh (Eastern 
Ohio public utilities 
plants; Windsor omit- 
ted; not operating be- 
fore war) 



Short 
tons 
coal 
used. 



Pounds 
coal per 
kilo- 
watt- 
hour. 



l,283,000,000ll, 006,000; 3.5034 



958, 878, 00011,000, 000' 2.2 



Cost per short 
ton. 



Prewar. 




S3. 5609 $7. 3188 $5, 718, 806111, 745, 063 



2.90 



• • 



• • ^stan exhibit of indi- 

* I *fidual plants 258 in- 
• dnstri&I nlants at and 

near Pittiburgh allow. 



1,515,944,0001,016,397; 
210,914,000 265,912 



432,070,000 499,337 



094,868,000 5^21.993 



1,.500,316,0002,422,255 



2.56G 2.743 
2.52 I 2.41 



2.31 , 2.41 
2. .364 1.714 



Total cost. 



I 



Prewar. 



1918. 



5.80 < 3,074.000' 6,148,000 



5.015 

4.84] 



5,339,158 
640,847 



4.819 , 1,218,513 



3.872 , 1,409.315 



6,604,990,0008,621,894 



3.2 



1.509 3.412 



2.61 , 2.442 4.962 



540,934,000,2,565,256 0.3 3.00 4.00 



3,055,805 



21,056,533 



5,130,61 



Dif- 
ference. 



16,027,158 



3,074,000 



9,761,553! 4,422,395 
1,289, 00$ 648,161 



2,405,016: 1,186,503 



3,172,839 



8,266,057 



10,261,094 



1,703.524 



4,610,182 



42.788,43621,731,903 



5,iaO,5U 
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From these figures it is seen that the fuel cost of power generation 
has more than doubled. This fuel cost applied to central stations is 
normally about 45 to 65 per cent of the total production cost. The 
higher prices of fuel raise this percentage to 65 to 80 per cent of the 
present generation costs, and with the increased labor and supply 
costs that have come it may be safely stated that the prewar produc- 
tion cost of power has increased at least 90 per cent, if it has not 
actually douoled. In some known cases, where fuel costs have 
tripled, it has more than doubled. 

ihe query at once arises: Will this increased cost of fuel con* 
tinue ? X he base of the increased cost is labor. From the statements 
of the Commissioner of Immigration, made in December, 1918, a labor 
shortage may be expected for some years. The immigration of 10 
years prior to the war was 10,120,940, or 1,01^,094 per year. During 
the four years of the war it was 1,021,547, or 255,386 a vear, a de- 
crease of 8,111,684 in four years. The Commissioner of Immigra- 
tion further forecasts that "with the coming of peace the United 
States will change from an immigrant nation to an emigrant na- 
tion." The prediction is based on the application of over 1,250,000 
aliens for passage to Europe after the war. 

The losses of men in England, France, Italy, Germany, Austria, 
and Kussia have been so great that emigration will be strongly dis- 
couraged and the supply of men to our labor market will not oecome 
normal for many years. Our own loss of labor in the war we can 
assume to be merely temporary and capable of readjustment as our 
soldiers are dismissed from the Army. 

It is a known fact that after waves of great industrial activity and 
advances in wages, while the rates of pay may fall again, they do 
not return to their previous level. 

The price of coal has been advancing slowly and steadily for a 
long period. Concurrently with the increased prices of coal lands 
and increased royalties, the most easily mined coal as well as that 
commanding the oest price is being worked out first. All this tends 
toward higher prices for fuel and in consequence for power. Con- 
sultation with expert coal engineers who established Government 
prices during the war, and who are in touch with the coal situation 
m the country, yields the opinion that the prices of coal will not be 
reduced on an average of over 40 per cent from the present prices 
unless some heavy reduction occurs in labor and in freight charges, 
neither of which is anticipated. The possible reduction of 40 per 
cent can only take place slowly over a period of years. Moreover, 
grave doubt exists whether such a reduction will be permanent. 

If these facts are given due consideration, the conclusion that the 
cost of power has been greatly and definitely increased can not be 
avoided. 

(2) THE GROWTH AND INCREASING USE OF ELECTRIC POWER 
BY THE INDUSTRIES OF THE COUNTRY AS SUPPLIED FROM 
CENTRAL ELECTRIC POWER STATION. 

It has been noted in this report how power supply by large cen- 
tral electric stations has developed since the beginning of this cen- 
tury. The ability to transmit power for long distances greatly 
increased the area of usefulness of a central electric power station. 

7103—21 8 
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The development of the steam turbine and electric generator and 
improved steam and firing appliances greatly reduced the cost of 
generating electric power by steam. With these improvements and 
its many other advantages, due to wholesale generation, the cen- 
tral station could make power cheaper than the individual plant. 
At first it competed with the smaller individual plants ; then, as its 
capacity increased, it competed with the larger ones. The con- 
venience of electric power service causes it to be preferred to other 
kinds of power, usually at equal rates and frequently at slightly 
higher rates. This advantage of the central station is enhanced 
when the investment and overhead expenses pf the individual plant 
are properlv considered as a part of the cost of power. The im- 
portance of the time element during the war and the saving of 
time possible by the installation of motors and connection to cen- 
tral-station supply was a great incentive to the use of central elec- 
tric power. This is shown in the statistics of the industry since 
1914, and the increased demand for electric energy, principally for 
power, since 1912 is indicated by these statistics and those of tlie 
census from 1902 to 1917. ^ 

Since the first part of this report was written the census report 
of the electric industry for 1917 has been issued, and it supports 
the figures given herein. The great difference in the two sets of 
statistics is in the gross revenue. These totals do not agree, but 
both show steadily decreasing gross and net returns per kilowatt- 
hour. The census figures are given herewith, as well as the returns 
for the year 1918 from the statistics of the industry. 

While the great increases of 1915-1917, under the impetus of 
the war, may not be repeated, yet they predicate a healthy growth 
in the future based on the present wider knowledge of the advan- 
tages and conveniences of electric power. These figures seem to 
bear out the proposition that electric energy is becoming the prin- 
cipal source of industrial power in this country. It will be borne 
in mind that the figures given cover central supply stations only, 
and do not include the large amount of electric power generated and 
used in the many private plants throughout the country. 

Per cent increase. 



Year. 



Num- 
ber of 
star 

tiODS. 



IflOB S,MO 

1907 4,714 

1912 • 5,221 

1917 •,«! 

1918 ••.«32 



Kilowatt 
caparlty 
tastnlled. 



1,212,235 
2, 709. 225 
5,134,«H9 
9.001,872 



KUowett-hoor 
output. 



Output 
for5- 
year 

periods. 



2,307,OT1,000 

5,882,276,000 

11,532,963.000 

25,438,«11,000 



No data. | 29,512,359,000 L\ 



91.9 

98.7 

119.9 

18.01 

155.8 



Gross 
revenue 
per kilo- 
watt 
hour. 



} 



Cent*. 
3.41 
2.99 
2.43 
2.07 

1.79 



Net rev- 
enue per 
Mlo- 

wbU 
hour. 



I 



laToe 

« .707 
> .45 
« .39 



1 Figures froVn census, 

> F?i imatel. 

» 1917-18. 

* 1912-1918. 

» Unknown, but stUl IneroaRlng. 

Comparing these censiw flgursi with those from the statistics of the industry for 1918, sec p. 37. 
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<3) THE PRESENT RELATIVE WASTE OF OUR FUEL RESOURCES 
IN PRODUCING STEAM AND ELECTRIC POWER AND THE 
NECESSITY FOR THE DEVELOPMENT OF OUR HYDRAULIC 
SOURCES OF POWER— THE FURTHER FACT THAT THESE ARE 
LIMITED IN OUR MAIN INDUSTRIAL SECTIONS AND WILL ONLY 
PRODUCE THE SMALLER PORTION OF THE REQUIRED POWER 
SUPPLY, EXCEPT ON THE PACIFIC COAST AND IN THE SOUTH- 
ERN STATES. 

By the term relative waste is meant the excess consumption of 
fuel in plants where the best performance is being obtained consid- 
ering their characteristics as compared with what would be used in 
the most economic plants now practicable when operated in combina- 
1 ion with others. It also includes the coal used for the reason that 
feasible water powers are not utilized. 

The table gives a concrete illustration of what waste there may be 
even among large plants. The average use of coal per kilowatt hour 
by these plants is 2.61 pounds. Were this reduced to 1.8 pounds per 
kilowatt hour, which is quite possible, $13,000,000 would be gained by 
a saving of 2,676,000 tons or coal, at an average price of $4,962 a 
short ton. This amount would pay the fixed charges on an invest- 
ment of $110,612,000. 

Were this reduction further applied to the individual industrial 
plants, as shown by the example of 258 of these plants in the Pitts- 
burgh district, the saving would be enormously increased, making 
full allowances for transformation and distribution losses. Similar 
waste is believed to be true of a large number of the smaller indi- 
vidual plants in this country. It will undoubtedly be noted that the 
comparisons are limited to a small number of stations, generally of 
large size, in the eastern industrial area of the United States that 
are geographically described as east of Indiana and north of Kentucky 
and Virginia. It was in this area that the greater shortages of power 
occurred during the war. It was onlv in this way, with the facilities 
available, that actual figures could be obtained without using esti- 
mates or approximations which might affect conclusions. It should 
be borne in mind, therefore, that these figures represent — 

First. Only a fractional part of the industrial use of fuel for 
power purposes. 

Second. That they include only the most efficient users of fuel 
among those generating electricity for industrial purposes. 

In consequence they indicate that far greater relative wastes and 
excess costs exist throughout the country. 

There appears to be a popular idea that the fuel and power prob- 
lem will be solved when the water powers available have been fully 
utilized. This is a fallacy so far as the area described is concerned. 
The data given by the United States Forestry Service shows that, in 
round figures, 32,000,000 horsepower of prime movers was used in 
the area east of the Mississippi; that in this area 12,000,000 horse- 
power was available as latent water power, if it may be so desig- 
nated, but that to date only 4,700,000 horsepower had been utilized. 
There is a great difference, of course, between this amount of latent 
water power, so called, and the amount actually capable of present 
economical development, so that much of this total may not be 
utilized in a period affecting the present problem. At best, if all 
this 12,000,000 horsepower were available on the instant we would 
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still have 20,000,000 horsepower, with all additional power needed in 
the future, to generate with fuel. 

It will be seen, therefore, that these water powers are a minor 
factor in the power problems of the future in the territory under 
discussion. This is fortunately not true of other sections of the 
country — the Pacific slope and the South. This is still further ac- 
centuated in considering some specific problems in centralization and 
conservation in the production of power. 

(4) THE IMPROVEMENT OF METHOD FROM MORE OR LESS INDI- 
VIDUAL POWER PRODUCTION TO ONE OF CENTRALIZED CO- 
OPERATION BY INTERCONNECTION AND CONSERVATION. 

A process of growth and concentration sufficient to materially 
improve present conditions must necessarily be slow and organic, 
built up step by step. It will never be finished; there will always 
be another step. For various reasons there will always be a number 
of plants operating individually, but collectively a great saving of 
fuel can be made. Briefly, the production of power at low cost 
will be accomplished by building power plants oi 100,000 to 200,000 
kilowatts capacitjr or more at points carefully selected for the most 
economic and efficient generation and distribution of electric energy. 
The locations and methods of generation and use will be selected 
after an intensive and exhaustive study of all the factors bearing^ 
on the problem, such study, of course, including consideration of the 
economy of the available water powers compared with steam plants 
developed at their most economic points. The most efficient method 
of the use of fuel for power generation at each location will also be 
determined, with a view to the value of possible by-products. 

The industrial area of this country, speaking generally, is between 
the Mississippi River and the Atlantic coast, with its main con- 
centration along a broad belt back of the coast line. The principal 
producing sections of this area from the power standpoint are already 
clearlv defined. The sections considered in this report include all 
the important ones except those along the Mississippi and between 
that river and the western boundary of Ohio. 

The studies, made of these sections during the war were elaborated 
after the armistice under the direction of Gen. H. Taylor and Mr. 
F. Darlington, by officers most familiar with them during the war 
period, into reports describing in a preliminary and suggeltive form 
centralization projects for the production of large amounts of cheap 
power to meet the estimated future demands. Such reports were 
made on the New England section, New Jersey, Philadelphia and 
eastern Pennsylvania, the Southern States, and Pittsburgh and east- 
em Ohio. Maj. R. S. Hardy has made a summary report on the 
Buffalo-Niaffara section, which includes the possibilities in that dis- 
trict, and Maj. .Sever in his report has covered the Pacific coast. 

For full details of all these projects reference must be made to the 
reports themselves but some important notes and suggestions on cer- 
tain areas are given here. 

In these sections it may be said centralization has begun, in some 
in a small way, in others on a larger scale. Each section may be said 
to be complete in itself and would have little, if any, power to spare 
adjacent sections. 
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NIAGARA— BUFFALO. 

Economy in the use of fuel for power in the Niagara-Buffalo dis- 
trict is purely a question of the amount of water allowed to be diverted 
from the Falls and of the efficiency of its utilization. The war drew 
particular attention to this matter because of the lack of sufficient 
power in the district for war purposes. Two hundred and fifty thou- 
sand horsepower more could have been used but treaty and other re- 
strictions prevented any early increase in the amount developed. The 
urgency of the demand for more power, however, directed special at- 
tention to this matter on both sides of the boundary. This resulted 
eventually in plans being approved by the War Department for the 
efficient use oi almost the entire 20,000 cubic feet per second allowed 
to be diverted in the United States. This would have added about 
150,000 horsepower to the supply existing, but while the work was be- 
gun none of it had been completed before the armistice. 

The Canadians also took up plans for increasing the efficiency of 
the use of their allotment of water, and construction was begun by 
the Hydroelectric Commission of Ontario on the Chippewa-Queens- 
ton development to utilize. 10,000 cubic feet per second, obtaining 
300,000 horsepower with this amount of water. This would not all 
be additional power, however, for part of the water now used by the 
Ontario Power Co. will be used in the new project. It was stated 
that this plant would be completed to the above extent by 1921, or 
say three years after the end of the war. 

A complete study of the ultimate development of Niagara Falls 
is being made by Col. J. G. Warren of the Corps of Engineers, the 
district engineer at Buffalo, which will be presented to Congress in 
due course. This will give a well-considered plan to utilize this great 
water power to the fullest extent compatible with the preservation of 
its scenic effect. It is to be hoped that this great and econoinical 
source of power may be fully utilized for the benefit of the Nation's 
industries so that until the demand for power again exceeds the hydro 
supplv the necessity of operating the steam power plant of the 
Buffalo General Electric Co. at Buffalo as well as steam plants of 
poorer economy in a number of communities from Syracuse to Dun- 
kirk, N. Y., may be obviated. Including Buffalo, five of these plants 
used 499,000 tons of coal in 1918 at a cost of $2,408,000. Nearly all 
of this coal can be saved as soon as sufficient additional power is avail- 
able from the Falls. The use of this fuel in this district in the future 
as in the past is pure waste as long as water that can be diverted 
without losing the scenic effect of the Falls is not used. 

PITTSBUBGH— EASTERN OHIO. 

The Pittsburgh and eastern Ohio district shows the worst fuel 
economy and an increased cost of 126 per cent over prewar prices 
of coal. In the figures in the table a plant has been omitted which 
is an excellent example of the centralized type distributing energy 
over a considerable area. The reason for its omission is that it (Ed 
not operate prior to 1918 and would therefore distort the comparative- 
cost figures for the whole area if inserted. In 1918 it generated 
241,780,000 kilowatt-hours at a coal consumption of 1.8 pounds per 
kilowatt-hour. This was done under very adverse operating condi- 
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tions and may be surpassed by a considerable percentage in the 
future. If the supply of electric energy in this industrial area were 
furnished mainly by six interconnected plants of this type, which is 
entirely practicaole. the saving from the central stations alone would 
be 1,066,000 tons ot coal j)er annum, costing $3,604,000. If the use 
of coal by the individual industrial plants could be reduced to this 
economy the saving would become very large — over $10,600,000 per 
annum. It is imderstood, of course, that these savings could be real- 
ized only in part, bul the industrial plant data obtained represents 
only a smaU part of the total number of these plants existing in this 
district, so that the saving of $10,600,000 is not as impossible as it 
may seem at first glance. 



CLEVELAND— TOLEDO. 



At Cleveland, Toledo, and Lorain further economy in steam pro- 
duction, extension of larger centralized plants economicalljr intercon- 
nected as far as practicable, and the consequent reduction in number 
of indvidually opjerated industrial plants must be looked to for in- 
creased economy in the face of highly increased fuel costs. In these 
centers fuel increased 125 per cent over prewar cost. 



NEW ENGLAND STATES. 



In New England the total electric power generated by steam, water 
power, and internal-combustion engines from 1916 to 1918 is given 
m the following table : 

Table C. — KilowatUhoun {or equivalent) generated, classified by sources. 



Source. 



Steam. 

Water power 

Intemal-combustioa engines 

Total 



1915 



3,952,294,000 

2,068,700,000 

827,000 



6,021,821,000 



1915 



1917 



4« 915, 610, 000 

2,262,265,000 

1,078,000 



6,458,953,000 



4,439,247,000 

2,308,196,000 

178,000 



6,474,621,000 



1018 



4,568.847.000 

2,364,045,000 

212,000 



6,933,104,000 



And its uses were as follows : 



Tabuc b. 



CLASSIFICATION OF BUSINESS. 



Rofor- 
enoe No. 



1 
2 
3 
4 
6 



Class. 



Electric street ra«lways 

Electric light and pofwer 

Railraads--electrined aectloo 

Steam power plants— manufactnrf>s 

Hydraulic power plant8--manufocture8 



Number 
of sys- 
tems or 
< compa- 
nies rep- 
resented. 



} 



28 

108. 

1 

25,000- 

30,000» 
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Ill 



KILOWATT-HOURS (OR EQUIVALENT) GENERATED-CLAPSIFIED BY BUSINESS. 


Reference No. 


1915 


1916 


1917 1918 


1 


629,762,000 
1,320,728,000 

101,331,000 
2.4«0,000,000 
1,490.000,000 


677,769,000 

1.685,494,000 

85.690,000 

2,520,000,000 

1,490,000,000 


709,808,000 

1,909,924,000 

87,889,000 

2,560,000.000 

1,490,000,000 


610,984.000 

3,174,309,000 

77,811,000 

2,580,000,000 

1,490, 000, WO 


2 


3 


4 :.. 


6 




Total 


6.021.821.000 1 A 'iAO WA nnn 


6 747 621 000 


A oaa itu mn 


Annual peroGiitjQcrea.se 




7.8 


.,. ., _ . .,-__,, ._-^ 


1 







From this it appears that onljr the electric light and power stations 
are showing any tendency to increase their outputs. Among the 
causes for this are the following: The doubled price of coal, inability 
to secure apparatus, and the lower cost of power from the public 
utility companies. 

It is estimated that the future demand for the production of 
energy in the next six years will be about as follows : 

Tarle H. — Future energy production — Tabulation indicating estimate of mU- 
lions of kiloicatt hours (or equivalent) to he generated during the next six 
years. 



Sooioe. 



Steam: 

Street railways 

Electric light and power. 

Railroads 

Manutactures 

H3rdrauUc: 

Street railways 

Electric light and power. 

Manufiactures 



Total 

Annual per cent increase. 



1919 


1920 


1921 


1923 


1923 


630 

1.467 

^ 77 

2,580 

12 

1,054 
1,490 


630 

1,764 

77 

2,610 

12 
1,177 
1,492 


630 

2,095 

77 

2,640 

13 

1,340 
1,5<12 


630 

2,566 

77 

2,650 

12 

1,450 
1,512 


630 

8,121 

77 

3,660 

13 
1,590 
1.522 


7,310 


. 7,762 
6.2 


8,296 
6.9 


7.2 


9,612 
8.1 





1924 



630 

8.852 

77 

2,660 

12 
1,665 
1,533 



10,428 
8.5 



To supply this amount of energy the maximum possible hydraulic 
developments are : 



Stote. 



Kilo- 
watts. 



258,120 

156,742 

71,459 

Massachusetts 70,438 

Connecticut 46,000 



Maine 

New Hampshire. 
Vermont 



Total I 601,759 



Kilowatt- 
hours. 



905,500,000 
494,019,000 
240,914,040 
299.779,000 
145,000,000 



2,085,212,040 



But of these maximum possible developments only the following 
are commercially feasible in the next six years : 



state. 



Added 
kilowatts. 



Massachuntts 62,500 

Maine 116,400 

44,000 
37,500 
62,600 



Comiecticut. 
New Hampshire. 
Vermont........ 



Total. 



323,000 



Added Vilo- 
watt-hours 
when com- 
pleted. 



271,000,000 
633,000.000 
138,000,000 
120. 000. 000 
216,000,000 



1,278,000,000 
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The remaining 2,117,000,000 kilowatt hours required in the next six 
years must be developed by steam and storage hydraulic develop- 
ments. On the latter we can not definitely estimate now. 

This means that with the industrial growth of New England the 
output of the commercially feasible water powers will be quickly 
absorbed and that steam generated electric power will supply the 
greater part of the increased demand. It would appear that the 
industrial growth is at the rate of 15 per cent per annum so far as it 
aifects the electric light and power companies. With this rat« of 
growth, the hydroelectric power added will be quickly absorbed up 
to about 350,000 kilowatts, and the balance of about 1,100,000 kilo- 
watts, which is estimated to be needed by 1924, will have to be sup- 
plied by steam. 

This supply should be furnished by large steam stations, one lo- 
cated approximately between Bridgeport and New Haven, and one 
on the northeas-t shore of Massachusetts each of 300,000 kilowatts. 
Additions should be made at the proper time to the following 
stations : 

Kilowatts. 
Boston GO, 000 

Providence 60, 000 

New Bedford 75, 000 

Norwich 70,000 

Chicopee (Turners FaHs Power Co.) 75,000 

Total 340, 000 

This program will provide about 1,000,000 kilowatts from 191&- 
1924, inclusive. 

In order to utilize this properly, carefully selected interconnections 
should be arranged. These will probably be provided slowly as the 
business of the various companies {jrows. 

x^t the present time the laws of Maine prohibit the exportation of 
electric power to other States. Alnine contains the largest percentage 
of the available water power and if it is deemed necessary to make 
use of this for the general good of the industries in New England, 
legislation will be necessary. Similarly in New Hampshire the con- 
sent of the public utility commission must be secured so that power 
may be transmitted outside of the State. 

Water power should be developed for the conservation of all the 
coal that can economically be saved, and at the same time large steam 
stations should be built so that inefficient plants may be curtailed, 
and gradually discontinued. 

The locations of the transmission lines will depend much on the 
individual developments. 

Accurate records of the coal consumption in New England show 
that 1,60G,226 tons (short) were used to produce 1,283,550,000 kilo- 
watt-hours. Six hundred and eighty-five million kilowatt-hours were 
produced by 685,999 tons or at the rate of 2 pounds per kilowatt-hour. 
Ihe balance, 598,154,000 kilowatt-hours required 921,226 tons or at 
the average rate of 3.04 pounds per kilowatt-hour. If the total kilo- 
watt-hours 1,283,560,000 could be generated at 1.8 pounds of coal in 
efficient power plants there would be a saving of 445,000 tons, which 
at the present average price of coal in New England, cost above 
$1,600,0(K). Most of this might be saved. 
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NEW YORK. 

New York City with its five boroughs, separated by rivers into 
three parts, has advanced considerably in centralization and in con- 
servation of fuel. Its interconnected plants at Thiity-ninth Street 
and Two hundred and first Street, Manhattan, form the main supply 
for the Boroutjhs of Manhattan, The Bronx, and Queens. 

The Pearl Street and Gold Street plants of the Brooklyn companv 
serve Brooklyn and are interconnected for a moderate capacitv with 
the Manhattan plant at Thirty-ninth Street. The Borough of Rich- 
mond has a plant of its own, unconnected with the others and until 
late years of low economv. 

In the face of a doubled fuel cost the demands of Greater New 
York and the economic growth of the system of electric generation 
and supply can not fail to follow lines of markedly increased cen- 
tralization. This will result in a great decrease of individual plants, 
a greatly increased demand on central stations, and a high effi- 
ciency oi production. The present high rate of coal consumption — 
2.S pounds per kilowatt-hour — is due in part to the difficulty of 
obtaining fuel of the quality formerly obtained. When such fuel 
was received the consumption was under 2 pounds. This difficulty 
has been experienced by nearly all the central power plants from 
which data has been received. 

It does not appear at present that New York can obtain any bene- 
fit from hydraulic developments. Those of New England will be 
insufficient to supply local demands. The supply from a develop- 
ment on the Delaware could be completely absorbed by New Jersey 
and Philadelphia. New York could, however, furnish power for the 
adjacent towns of New Jersey, as was proposed during the war, 
and can supply power to western Connecticut, as it is at present 
doing to a certain extent to the New York, New Haven & Hartford 
Railroad. 

BALTIMORE. 

At Baltimore improvements may be looked for in increased pro- 
duction from enlarged economic steam stations, but greater econ- 
omy unll be obtained from the Holtwood plant of the Pennsylvania 
Water & Power Co.. on the Susquehanna ftiver. Improvements and 
additions to this plant will aid in cutting down the use of coal at 
Baltimore. It is probable that an interchange arrangement through 
frequency changers with the sugi^ested plant at Conowingo would 
also produce a further supply of hydroelectric power and connect 
Baltimore to the great interconnected water and fuel system pro- 
posed for Philadelphia and a^ljacent industrial area. 

NEW JERSEY AND PENNSYLVANIA. 

The State of New Jersey and the cities of Philadelphia and Wil- 
mington are given in the table on page 104 as a nucleus of power 
centralization plan which would include the anthracite coal mining 
and steel industries of the contiguous section of eastern Pennsyl- 
vania. The total kilowatt-hours given in this table (1,515,944,000) 
are only a minor part of the power consumption and future demand 
of this great industrial area. 

The fuel -economy shown is poor, 2.566 pound per kilowatt-hour, 
and could be improved, by centralization and interconnection, to at 
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least 1.8 pounds of coal, which alone would result in a saving of 
580,000 tons of coal per year, which at $5 a ton amounts to $2,900,(XX). 
To this could be added the economies due to improved plants in the 
coal region, with a probable supply of cheaper fuel, and to their 
interconnection with the main system. 

The main economy that coula be obtained appears to be in the 
utilization of the water powers of the Delaware and Susquehanna 
Eivers which lie in the northern and southern parts of the indus- 
trial section. 

The Delaware River project contemplates the complete develop- 
ment of the Delaware River from its headwaters in Delaware County, 
N. Y., to a point below the Delaware Water Gap in Pennsylvania. 

The project consists of two parts : 

1. The development of storage reservoirs. 

2. The development of power sites. 

There are six reservoir sites available, and the stored water from 
these plus the natural stream flow would be used through 10 power 
stations, having for 9 of these a total head of 627 feet and a 400 feet 
head for the remaining station, operated from Mongaup Reservoir. 

Table No. 6. 



Power hoiiFe No. 



1 

2 

8 

4 

6 

6 

7 

F 

9 

10 

Totril 







tTeitFhts of 


Fall (feet). 


Second-foot. damj!a»x)Vf» 




low Walter. 

1 


40 


5,230 


20 


95 


5,700 


60 


100 


6,6fi(» 75 


86 


7.460 47 


400 


7,S50 


10(; , 


40 


7..V0 


40 ' 


30 


7,r5ao 


20 


42 


7,720 


29 


88 


7,860 


10 


67 


8,070 


. 46 



Length of 
canal 



2) 
S! 
3 

3) 

5 

2 
2h 

5" 

21 



Brak* 
horsefwwcr 

onba4>« 
W) rer cent 

efflclenov 
(12 hours). 



19.000 
40.100 
60.5C0 
67.500 

2s,eoc 

27. SCO 
20,800 
29.500 
2O,C0'» 
49.000 



027 



446 I 



32| 



3»<1,400 



I Mfiichlnrts 
- instttllfd 
(hone- 
poAi'er). 



21. WX) 

69,. W 
66.(«rX> 
.*SOiV 

75.100 
35,:iJ0 
23.21V) 

67.600 

432,300 



The power developed, 861,400, allows us to deliver to the con- 
sumers over 300,000 horsepower and there will be installed 432,300 
horsepower of apparatus. 

This shows that 300,000 horsepower, or 225,000 kilowatts, can be 
developed giving, at 50 per cent load factor, about 1,000,000,000 kilo- 
watt-hours. If these were delivered to the New Jersey and Pennsyl- 
vania systems, which now use on the average 2.54 pounds of coal per 
kilomatt hour, there would be saved 1,270.0(>0 tons, which, at $5 per 
ton, the present price, would represent $6,350,000. 

Further economies could be made in the larger steam plants still 
operating on these systems, so that an even better showing might be 
made. The estimated present cost of the proposed water power 
project is approximately $46,0(K),000. The estimated overhead costs 
on this would be, at 12 per cent, $5,200,000, thus leaving a consider- 
able margin between the savings in coal and the fixed charges on the 
proposed system. 

The proposed Susqiiehanna River project at Conowingo is about 
10 miles below the Holtwood plant of the Pennsylvania Water & 
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Power Co. It is between 40 and 60 miles from Chester, Pa., and 
. between 30 and 40 miles from Wilmington. If this were developed 
and interconnected with the Wilmington and Chester systems a sub- 
stantial saving in coal would be obtained. 

An investigation shows that this project can be developed for 
110,000 kilowatts and at 62 per cent load factor will generate 600,- 
000,000 kilowatt-hours. The daily output will vary from 350,000 
to 2,640,000 kilowatt-hours. This power should be used on the New 
Jersey-Pennsylvania system. 

The approximate output and peak loads for 1917 of the plants in 
the New Jersey-Pennsylvania system are as follows : 



Plant. 




Public service (northeni and central New Jersey) 

Philadelphia electric....*. 

LehijrlKfistrtct 

Boathem New Jersey 

1917, total loads 



Kilowfttt. 

182,000 

160,000 

48,000 

30, (XX) 



Per cent. 

46 
4tt 
72 
57 



Kilowatt 
hours. 



735,000,000 
Wl, 000, 000 
29S,000,000 
150,0(}0,000 



410,000 



50 I 1,784,000,000 



In 1920 it is estimated the kilowatt hours on these systems will 
be 2^50,000,000 and the maximum load 520,000 kilowatts. The 
annual load factor will be about 50 per cent. 

It has been ascertained that in the steam plants of the systems 
noted in the tables coal is consumed at the rate of 2.54 pounds per 
kilowatt hour. Thus 600j000,000 kilowatt hours of hydroelectric 
energy can be secured at Conowingo with a saving of 762,000 tons 
of coal per year, which, at $5 per ton, the present average price, 
is $3,810,000. This saving can be readily secured and at the same 
time further economies made in the operation of the other plants 
of the interconnected companies and systems. 

The steam-generated kilowatt hour output of the New Jersey, 
Philadelphia, and Wilmington plants for 1918 was 1,515,944,000. 
If the New Jersey and Pennsylvania systems were thoroughly in- 
terconnected so that the Delaware and susquehanna hydroelectric 
developments could be completely utilized, they would furnish 1,600- 
000,000 kilowatt hours total and entirely replace the steam-generated 
power. Further, this hydroelectric energy could be made to apply to 
industrial or other plants which now operate under very inefficient 
coal conditions. Undoubtedly the amount generated by these indi- 
vidual plants far exceeds the kilowatt hours available from the 
hydroelectric projects on the two rivers noted. So that there ap- 
pears to be an excellent field for the absorption of the total en- 
ergj'- of these water powers, either for the replacement of coal in 
the public utility systems or in factories and other establishments 
generating power by wasteful and inefficient methods. 

In order to carry out this plan successfully it is necessary to elec- 
trically interconnect New Jersey north and south, Philadelphia, Pa., 
Bethlehem, Pa., Wilmington, T5e\.^ and the power stations at Hauto 
and Harwood, Pa. Unoer these conditions the water power can be 
used to best advantage and the transportation of a large tonnage of 
coal avoided. 
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SOUTHERN STATES POWER CONDITION. 



In the States of Alabama, Georgia, Tennessee, North Carolina, and 
South Carolina in 1917 the total generating capacity for electric 
power in the plants of the principal public utility companies was 
662,127 kilowatts. 197,331 kilowatts being steam apparatus and 
464,796 kilowatts being water-driven generators. 

These produced about 90 per cent of all the electrical power gen- 
erated in these States. 

The water-power plants will furnish about 8 per cent and the steam 

flants 11 per cent of all the energy output during the next few years, 
n 1917 they produced 1,893,400,000 and in 1918, 2,090,400,000 kilo- 
watt hours. It is anticipated that by 1924 the demands on these 
main systems will be such that 1,000,000,000 kilowatt hours more 
will be needed to supply the industrial needs. To accomplish this 
the following installations are recommended : A hydroelectric plant 
of 150,000 kilowatts and a storage reservoir on the Tallapoosa Kiver 
at Cherokee Falls, Ala.; three stations on the Georgia Railway & 
Power Co.'s system totaling 100,000 kilowatts and a plant on the Co- 
lumbus Power Co.'s system in Georgia; and a development of 15,000 
kilowatts on the Ocooe River at No. 3 site, with another generator of 
9,375-kilowatt capacity in the Great Falls Power Plant, Tennessee. 
The developments in the last two States would obviate the need of coal 
for power purposes. The annual coal consumption on the Alabama 
Power Co.'s system in 1924, when delivering a largely increased load, 
would be about 210,000 tons. The present consumption is about 
115,000 tons. 

The power for these Southern States has largely been developed 
through the installation of generating apparatus on the waterfalls 
of the rivers and the coal consumption has been relatively small. The 
hydroelectric installations constitute about 70 per cent of the total 
capacity, and the output is even higher than this percentage. 

If the recommendations of this report are followed only about 
200,000 tons of coal may be used on these large systems in 1924, even 
after the energy output has been increased by 50 per cent over the 
1918 output. The Southern States are in a particularly fortunate 
position in that there are many water powers still unutilized which 
can be readily developed and connected to the general electrical high- 
tension network and used to replace what coal is still employed, and 
also to supply power for the supplanting of coal in any industrial 
operations where electricity can as readily be employed. 

AH the systems should proceed to interconnect electrically to take 
advantage of the diversity which obtains on their systems and thus 
avoid further unnecessary capital investment. 







Separated systems 


1 








Prime power average year. 


Prime power dry year. 


state ana system. 


• 
Hydro. 


steam. 


Total. 


Hydro. 

242,000,000 
370.000.000 


Steam. 


Total, 


Alabama 

Georgia systems 

Tennessee system — 


27.\ono.ooo 

300.000,000 
373,000,000 


no, 000, 000 


385,000.000 
500.000,000 


143,000,000 

130,0^0.000 

40,000,000 


8W,noo,ooo 

600,000.000 


ia, 666, 666 


385,000,000 345,000,000 


3R5,ooo,ono 


Total 


i,i4S,ono,ooo 


122,000,000 1.270,000.000 


057,000,000 


313,000,000 


1,770,000,000 
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Separated systems — Continued. 

ALL SYSTEMS L^TERCONNECTKD. 



State and system. 


Prime power average year. 


Prime power dry year. 


Hydro. 


Steam. 


Total. 


Hydro. 


Steam. Total. 


Ajabama, Georgia, 
Tennessee 


1,238,000,000 


137,000,000 1,370,000,000 


1,040,000.000 


1 

330.000,000|l,370,000,0n0 


Increase or decrf>ase 
by interPODoection . 


90,000,000 


10,000,000 


100,000 000 


83,000,000 


17,000.000 100,000,000 



Kilotcatt'hour increases. 





Average year. 


Dry yeoT. 




Hydro. 


Steam. 

132,000,000 
154,000,000 

110,000,000 
104,000.000 


Total. 


Hydro. 


Steam. 


Total. 


Pre «;«nt system inter- 
connected 


1,238,000,000 
1,946.000,000 

2,120,000,000 
2,33(^.000,000 


1,370,000,000 
2,100,000,000 

2,230,000,000 
2,500,000.000 


1,040,000,000 
1,490,000,000 


330,000,000 1,370,000,000 
010,000,000 2,100,000,000 


Tillapoosa develop- 
ment will brtne tne 
output up to (150,- 
000 kilowatts) 

Bartlptt's Ferry de- 
vi'Iopment 'will 
bn'ng the output 
ap to (2S,000 kilo- 
xratts) 


Ualhis-TalJulah de- 
vclopmcrA on the 
TalluMh River and 
tbcTugnloo dovel- 
opni«»nt win bring 
toooatputupto.... 


•■■•••••••••■■ 
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PACIFIC COAST. 



A study of the electric-power conditions on the Pacific coast shows 
prunarily the need for the further development of hydroelectric 
power to replace that now generated by fuel oil and to meet the 
rapidly growing demands for electric energy in industrial lines. 

The price of fuel oil has risen from 70 cents to $1.60 per barrel 
since 1915, and the production from the southern California oil 
fields has not increased greatly, so that it is necessary to conserve 
fuel oil, and the most economical method of accomplishing this is 
to develop hydroelectric power. The use of coal is not feasible ex- 
cept in a few isolated places and tinder exceptional conditions. 
Owin^ to the water shortage on the hydroelectric-power systems in 
1918, it was necessary to consume on these systems approximately 
2,000,000 more barrels of oil than in 1917. At the average price of 
$1.55 this would renresent $3,100,000. 

Already hydroelectric developments are under way to meet 
the two above-mentioned needs, and there are many others that are 
known and will be developed as the commercial and economical needs 
are made apparent. 

All the steam power can not be replaced successfully, as the steam 
stations are necessary for re^latory and control operations, as well 
as for serving the system wiUi power in the event that a breakdown 
occurs in the nydroelectric portion of the system. 

The States of Washington, Oregon, and California have about 48 
per cent of all the available undeveloped water power in the United 
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States, but the power market in many places must be developed to 
utilize this ample supply of hydro power. Power can be and is 
transmitted many miles, but there is an economic limit to the dis- 
tance to which it can be transmitted. 

Much oil is used in manufacturing establishments for power gen- 
eration. Many of these can be operated by central electric power. 
The amount of oil in such operations can not be rigidly set down, but 
it is millions of barrels. 

The railroads use many millions of barrels, much of which might 
be saved by operating certain portions of these lines by electricity. 

The Southern California Edison Co. through its new hydroelectric 
developments, turning out 300,000,000 kilowatt-hours per annum, will 
save about 1,500,000 barrels of oil per year. 

The San Joaquin Light & Power Corporation is putting in hydro- 
electric developments which will go far in saving aoout 300,000 bar- 
rels of oil per year. 

The Pacific Gas & Electric Co., Great Western Power Co., and 
Sierra & San Francisco Power Co. consumed over 2,000,000 barrels 
in 1918, an increase of 700,000 over 1917. 

The approximate total of the consumption of oil by 10 companies 
in California in 1918 was 4,000,000 barrels, at a cost of $6,200,000. 
This oil would represent 800,000,000 kilowatt-hours. Hydroelectric 
developments are now going forward which will develop in four 
years 1,500,000,000 kilowatt-nours, so that there is being provided 
ample power for the anticipated industrial growth and the replace- 
ment of as much steam-generated power as safety warrants. For 
table showing present and proposed capacities of power companies 
in California see page 86. 

It is obvious tnere are several other districts not mentioned or 
considered where the same theory would apply or has been applied. 
In Chicago, Detroit, and Cincinnati great economic stations already 
exist, and the centralization plan is being applied in these and other 
latge cities to their individual problems. Keokuk, St. Louis, and 

S>ints between along the Mississippi River are already connected, 
uch can still be done at Minneapolis and St. Paul. Water power 
from the Adirondacks and the St. Lawrence, if necessary, can be 
brought south to northern New England and the region around the 
upper Hudson to supply Schenectady, Albany, and Utica. It is 
possible by this plan to create a relay system from the water power 
of Niagara to that of the Maine lakes, so supplying power over a 
wide belt of productive territory. 

ELECTRIFICATION OF RAILROADS. 

A national plan for the production of cheap power and for fuel 
conservation as described must include in due time the electrification 
of many railxoads. This is a problem by itself, and can only be 
alluded to here, as the data must be obtained by a special and ex- 
tensive study. It has been estimated that from 120,000,000 to 140,- 
000,000 tons of coal are used for railway purposes, and that electri- 
fication would go far toward the relief of the railroad situation. If 
nil the railways of the country were completely electrified — an im- 
possibility, of course — the saving in coal by central power plant gen- 
eration has been estimated at from 85,000,000 to 100,000,000 tons a 
year, or about one-sixth of our total coal production. 
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LIMITED SUPPLY OF WATER POWER. 

The foregoing discussion shows that the water powers developed 
or profitable to develop in New England and Pennsylvania, and in 
fact in all of the northern and eastern industrial sections will supply 
only a portion of the present requirements and that we must rely on 
fuel for the major part of our immediate supply of power and all of 
our future demand. 

This is the most important development of the studies made by 
the power section. 

The detailed description of, and the engineering recommendations 
for each section are only of value in suggesting lines of progress for 
each project. Much careful study will be required before final choice 
can be made and construction begun. The main conclusion is that 
the popular idea that our own water power resources are ample for 
our needs is fallacious and that the time has come when we must not 
only use all hydro resources profitably, but also begin at once to read- 
just ourselves to the necessity of using our fuel resources far more 
effectively than we have in the past if we are to produce our raw 
material and manufacture our products at the lowest cost. 

This country fortunately has ample supplies of fuel, the problem 
of its doubled cost means that to get economy equivalent to that ex- 
isting before the war we must increase the production of each in- 
dividual workman by power, and produce the power at a less cost so 
that the gain for both, added together, equals the present increase in 
the cost of fuel. 

It might be assumed after reading the above summary of the 
tendency toward centralization, that the problem of cheap power 
generation and fuel conservation would solve itself by the process 
of natural business development. The quick intelligence and re- 
sourcefulness already displayed by the engineers and mechanics of 
the country would assure this were the power industry free to adjust 
itself to changing conditions by the usual method of other productive 
industries, those of bargain and sale. But the industry is not free 
and this directs attention to the laws which govern capitalization, 
combination, competition, maximum rate of earnings or reward, and 
other factors affecting the attraction of capital toward this kind of 
industrial investment. 

(5) NOTES ON THE EFFECT OF THE PRESENT NATIONAL AND 
STATE LAWS RELATING TO CENTRALIZATION; RATE REGULA- 
TION, AND NATURAL RESOURCES, WITH A SUGGESTION OF THE 
NECESSITY FOR PROVIDING AN INCENTIVE FOR SAVING COAL 
AND PRODUCING POWER. 

There are certain laws now on the statute books controlling com- 
binations of public utility companies tending toward monopoly, 
regulating rates, and restricting territorially and otherwise the free 
use of power resources, particularly in the case of projects on public 
lands or occupying pul3lic land with any portion of the system. 

If a centralization plan is to be worked out it will inevitably dis- 
continue smaller plants, their business being taken over by the larger 
stations. In nearly any section such action would involve plants in 
several States. The question at once arises is such a plan in opposi- 
tion to the Sherman Antitrust Act. It may be that, it done with the 
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consent of all concerned, in strict accordance with the laws and the 
i-ulings of regulatory commissions and with no intent to restrain 
tpade, this would be a proper extension of the operation of a natural 
monopoly. Inquiry along these lines, shows that such a theory has 
not been estabhshed as a settled point of law, and that some doubt 
exists in regard to it. 

Safety of the investment is the first requirement of capital and any 
doubt of the validity of a plan must be removed before it can succeed. 

The maintenance of the value of an investment requires certain 
earnings in addition to those necessary for its preservation or re- 
placement. The laws regulating the rates to be charged by public 
utility companies and which control their earnings do not permit 
these rates to be increased except by methods already described, these 
methods depending on the rules oi procedure laid down by the com- 
missions in the several States. Methods of increasing rates vary mate- 
rially and in many cases are not quickly adaptable to the changing 
conditions of the coal, labor^ and material market, nor were they de- 
fiifflied to meet the emergencies created by the war. 

It is obvious, therefore, that rates can not be raised in anticipation 
of the necessity of so doing, but the event must be awaited, and the 
effect of increased costs of manufacture actually developed. This 
inability to promptly raise the rates for the sale of energy to meet 
the sudden and great increase in cost in 1917 and 1918 had a consid- 
erable part in reducing the net revenues of power companies and 
seriously impaired their credit. 

The necessity for laws regulating public utilities has been demon- 
strated and their effect has been to settle many disputed questions for 
the general good. Since the creation early m this century of these 
laws and the commissions which administer them, principles of valu- 
ation and capitalization both of tangible and intangible assets have 
been established, and these have tended to standardize and strengthen 
the industry. It has further been settled that the best development 
of the industry is not promoted by competition, and this method is 
now rarely used as a stimulus. The business has really become a 
legal monopoly within the area of each individual project. The tre- 
mendous growth of the industry, j)articularly in great cities and in- 
dustrial oistricts has required the investment of earnings to provide 
for additional growth, and in this way is adding to a&sets so that, 
with the regulation oi capitalization and valuation, it may be said 
that the speculative period of the industry is past, and that it has 
become one of the fimdamental and necessary elements of the life 
and progress of the country. To accomplish its function of supply- 
ing power at a low price to the nation, tne power business should be 
put on such a safe investment basis that it can attract the necessary 
capital at low rates, for the cost of money is as much a part of the 
cost of the plant as the steel in its buildings. 

During the war the bankers' charge for supplying money to pub- 
lic utilities was prohibitive. The sum of the annual interest and 
amortization charges was more than could be earned in the business. 
How long this condition will prevail can not be surmised, but part 
of the high cost of money to the industry was due to the uncertainty 
of its earnings. The industry was unable to meet the changed con- 
ditions of war and those existing thereafter except by increasing 
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rates, which might be reviewed, suspended, or reduced at some 
later date. 

The rate of return permitted varies from 6 to 8 per cent over pre- 
scribed charges, and tliis can not be exceeded to any material extent 
for any length of time. 

The industry, therefore, can not offer such special inducements 
as are necessary to start and maintain the great movement of ex- 
pansion and centralization required to meet the demand for cheap 
power and to overcome the increased costs of plant and operation. 

A tendency is now developing which restric£s the application of 
hydraulic resources to certain territory or to public purposes only. 
Instances of this are the laws of the otate of Maine, requiring that 
hydraulic power hereafter developed in that Stat^ must be used 
within its borders and not exported. The State of New Hampshire 
has a similar regulation, except that permission to export may be 
obtained from the public service commission. 

The legislative authorization for the development of the water- 
power project at Muscle Shoals, in Tennessee, by the National Gov- 
ernment carries with it the prohibition of the sale of power for 
resale or for commercial purposes. In consequence, it can not be 
employed for general use or for the relief of a commercial power 
shortage. A smiilar restriction limits the use of power devdoped 
by the city of Los Angeles. 

The utter loss of economy in power supply caused by such laws 
is obvious. Maine has power far beyond that necessary to supply 
such industries as it can attract in a great many years, but in the 
meanwhile the rest of New England is compelled to use high-priced 
fuel, although anxious to abso% all the hydro power it can obtain. 
The restrictions at Muscle Shoals and Los Anseles deprive the en- 
terprises of their best customers, wasting fuel and unsettling the 
business by fear of Government or municipal competition. The 
theory of competition in the power business has been condemned 
and generally prohibited by all State utility commissions, but ap- 
parently it is here revived for the benefit of public enterprises. A 
confusing and discouraging condition tending to retard power de- 
velopments thus arises in certain districts. 

The effect of these restrictions does not mean that the industry 
will stop growing or that great economical systems of limited area 
will not continue to grow, but it does mean that no general in- 
centive or encouragement is offered under the present laws and 
conditions to develop comprehensive groups of power i^stems cov- 
ering the principal mdustrial areas, with the ODJect oi producing 
cheap power and saving fuel. The incentive that is ladling is an 
increasmg reward to the power industry for the increasing cost of 
production of power for use in general industry.^ The enterprise 
now engaged in producing electric power in any district for public 
purposes is restricted to specific prices for that power, and depend- 
ent on a return on its investment which is established to be reason- 
able. The enterprise may expand and earn its return on a larger 
investment, but if it can cheapen its product by any means and 
lower its rates, it can not have a share of this saving in the form 
of an increased rate of return. In other words, it can not have 
as a reward a part of the profits it would create for others by 
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cheapening its product. Under these circumstances it can not be 
expected that the rapid development required to meet the present 
situation will take place, for a business allowed to earn only a fixed 
return will take only the safest and most conservative path in its 
expansion. A business can afford to invest money only when it 
can get it cheaply, and can utilize it to the utmost, and show that 
a ^in can be made by its use. 

There should be a mutual interest and partnership between the 
power industry and its customers, so that when a company producing 
power can by its efforts reduce xhe cost a fair proportion of this 
saving will accrue to it as a reward and the remaining portion, in the 
form of reduced rates, enable the consumer to manufttcture his prod- 
uct at less cost. Such an incentive can be provided with the neces- 
sary regulatory control, and has been done with benefit to all in 
England, in Massachusetts, and Texas in connection with certain 
public utilities. The object to be attained should be cooperation 
and a fair share of the profit to each interest. The method by which 
this can be done, whetner by sliding scale or some other lorm of 
division of profits, must be left to careful study of experts. The 
important point to establish here is that some such procedure is neces- 
sary and possible. 

There is another difficulty which has operated to prevent an active 
development campaign, and that is the nature of the laws and regula- 
tions of the Government in regard to h^rdroelectric development on 
public lands and forest reserves. In spite of these restrictions de- 
velopments have occurred in the past, but during recent years and 
pending the adoption of suitable water-power fegislation all new 
work has been at a standstill. New and well-conceived legislation 
removing these objections would greatly stimulate projects in the 
West, where many proposed installations would be carried to com- 
pletion. 

(6) THE EFFECT OF CHEAP POWER ON PRODUCTION AND WAGES 
IN THIS COUNTRY AND THE NECESSITY FOR IT IN OBTAINING 
WORLD TRADE. 

The war has taught us very forcibly the stern necessity and duty 
of saving our fuel resources and that it is almost criminal to con- 
tinue the present waste, examples of which have been given in these 

The war has further left us with a general and heavy increase in 
wages to both skilled and unskilled labor. It is true that our usual 
inflow of additional labor was stopped by the war four years ago ; 
that an abnormal outflow of labor is occurring, due to aliens return- 
ing to their homes after the war; that our own armies have absorbed 
a considerable portion of our normal working forces, and that it 
will take several years before this condition is readjusted. 

It is estimated from these facts that our present labor supply is 
about 12J to 15 per cent below normal. 

For these reasons and the further reason that most of our voting 
citizens are workers, it is reasonable to assume that wages will m 
maintained on a higher scale than before the war. 

It is unnecessary here to describe the circle of high wa^ and 
liigh costs of living, but it is necessary if high wage conditions are 
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to continue that the money for these wages be provided and earned. 
When a man's wages exceed what he can earn by his own unaided 
efforts, the only way he can continue to be paid such wages is by giv- 
ing him such assistance that he can do correspondingly more work or 
turn out proportionately more product. Assuming the necessary 
skill, this can only be done by mechanical means, which in turn re- 
quires power. To earn high wages, therefore, a man's own efforts 
must be multiplied by aids operated by his own strength and skill 
or bv power from outside sources. 

The general trend of advance in new business in this country is 
toward foreign trade and a world market for our products. Ii so, 
we are brought into competition with foreign labor, which has always 
received a lower wage than our own. 

If we do not wish to and can not reduce our own wages to meet 
such competition, then we must meet it by cheaper raw materials, 
greater mechanical ingenuity and efficiency, and great productive- 
ness. All of these depend on power, so tnat an ample and cheap 
supply of power at the hand ox the producer and the manufacturer 
wul give him one great element of success in competition for world 
trade, enable him to meet with less difficulty the requirements of high 
wa^es, and promote the content and peaceful progress of the coimtry. 

It is believed that the method suggested here of stimulating the 
power industry to centralization and the utilization of our water 
powers by providing under Government reflation the necessary in- 
centive to capital would go far toward solvmg the problem. 

Government ownership is not necessary or advisable, for it would 
never possess the required initiative and enterprise, nor would the 
incentive toward continued progress and improvement be present. 

To recapitulate briefly, we are confronted with the demand for 
high wages, which can only be paid by a high rate of production and 
an increased individual output. 

The only way these can be had is by a cheap and ample power sup- 
ply. We are met with new difficulties in our effort to obtain tms 
power. In the northern and eastern section of the country we find 
that our feasible water developments amount to only a small part of 
the necessary power supply, tnat fuel must be usea for most of the 
present supply, and after this water has been utilized for all power 
required by the never-ceasing and insatiable demand. 

We find that the cost of fuel has doubled, which makes the indi- 
vidual production of power more wasteful than ever and that econ- 
omy demands the production of power by great interconnected sys- 
tems of superpower plants. 

The creation and operation of such plants to supply all demands 
for power, traction, light, and heat implies a development in size of 
system and area of distribution which takes them from the class of 
intrastate industry to that of interstate commerce in the transmission 
of power. They substitute for the transport of the actual coal by 
rail the transmission of its energy througn wires or cables. An in- 
dustry of this character and economic value becomes of national 
rather than local importance, and should be treated and encouraged 
as such on the broad lines of a comprehensive policy equitable alike 
for the coimtry and for the industry. Such a f arsighted policy would 
develop the industry's full worth as a great national asset. 
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Since the beginning of the war special studies of the conservation 
of fuel, of the use of water powers, and of the production of power 
have been made by the Department of the Interior, Department of 
Commerce, the Fuel Administration, the War Industries Board, the 
Ordnance Department, the Chief of Engineers of the Army, and 
others. These efforts should not be allowed to cease or their records 
to be scattered, and it is most eame^ly reconmiended that an agency 
be established by Congress to study and report on the conservation 
and use of our natural resources in fuel and power with a view to the 
supply of ^ower for all purposes in this country, and specifically 
directed to inform the Congress on the methods l>est adapted to en- 
courage the cheapest production and use of power in tne various 
main industrial sections of the United States. 

It is almost unnecessary to state that such a^ board should be com- 
posed of representatives of the highest administrative and technical 
ability and experiences from the Government departments, technical 
professions, and industries concerned. 

If it is necessary to strengthen this recommendation and prove it 
is timely and profitable by the example of others, reference is made 
to a final report made by the coal conservation committee of the 
ministry of reconstruction to the British Parliament dated January 
23, 1918, which treats of the conservation of fuel and the production 
of cheap electrical power. It recommends a great interconnected 
system of superpower plants, using the cheapest fuel most econom- 
ically to distribute electric power over all England. Such a supply 
has not previously been available in England. We are on notice, 
tiieref ore. that we may be forced to compete in the future with an 
industrial England, increasing its individual output by power 
cheaper than that formerly at hand and with a wage scale less than 
our own. This means finished product at a low cost. 

Charles F. Lacoiube, 
Major J Engineers^ United States Army. 

Collaborating on Part 6 : 
Gborob F. Sevier, 

Major J Engineere^ United States Army* 



Exhibit A. 

Dbckmbsb 28, 1917. 

Mt Deab Mb. WnxABD : I have Just received your letter of December 27 with 
regard to the shortage of power for manufacturing plants in certain enumerated 
districts. 

I have notified the Chief of Ordnance, the Chief of Engineers, the Ohief of 
the Signal Corps, and the Quartermaster General of the contents of your letter 
and requested them to comply with the recommendation. 
Very truly, yours, 

Nbwton D. Baioeb, 

Secretary of War, 
Hon. Dandcl Wxixasd, 

Chairman War Industries Board, Washington, D. O. 



WaB IlfDUBTBIXS BOABD, 

CouNCH. OF National Defbnbk, 

Washington, December 21, 1917. 

Mr Dbab Mb. Secbetabt: I am advised by Judge Parker, chairman of the 
priorities committee, that there is a shortage of power for manufacturing 
plants in the following districts : 
Philadelphia, Pa. 
Wilmington, Del. 
Baltimore, Md. 
Newark, N. J. 
Glaremont, N. H. 
Worcester, Mass. 
Rock Island, UL 
Davenport, Iowa. 
Dayton, Ohio. 

District comprising Massillon, Ohio ; Canton, Ohio. 
Because of this shortage in the districts mentioned it is recommended that 
Instructions be given to the purchasing bureaus of the War Department similar 
to those already issued with reference to Niagara Falls and Pittsburgh ; that is 
to say, that no additional orders be placed in the regions referred to save on the 
approval of the War Industries Board after an investigation. 
I trust this recommendation will meet with your approval. 
Very truly, yours, 

D. WnxABD, Oh4iirman. 
Hon. Newton D. Baxeb, 

Secretary of War, Washingtofh, D, C. 



Wab Dbpabticent, 
Washington, December 11, 1917. 
Mr. Daniel Willabd, 

ChiHrman War Industries Board, Washington, D, O. 

Sib : In accordance with your request of December 7, 1917, I have instructed 
the purchasing bureaus of tiie War Department to place no further war orders 
in the Niagara Falls and Pittsburgh districts, except with the approval of the 
War Industries Board after an investigation as to the power sui^ly necessary 
tor the fulfillment of the contracts. 
BespectfuUy, 

Nkwton D. Bakeb, 

Secretary of War. 
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Exhibit B. 

Wab Department, 
Office of the Chief of Staff, 
Division of Pubchase and Supplies, 

Waahingtarif March B5, 1918. 

Memorandum for : The Adjut«nt General of the Army. 

Subject : Placing of orders In districts where a shortage In electric power exists. 

1. The Secretary of War directs that a circular letter be sent to each 
The Acting Quartermaster General, 
The Acting Chief of Ordnance, 
The Chief of Engineers, 
The Chief Signal Officer, and 
The Surgeon General, 
In effect as follows: 

''There exists a shortage of electric power for manufacturing purposes in 
the following districts: 

" Niagara Falls, N. Y. " Rock Island. 111. 

" Pittsburgh, Pa. " Davenport, Iowa. 

" Philadelphia, Pa. " Massillon, Obio. 

"Wilmington, Del. "Canton, Ohio. 

"Baltimore, Md. "Camden-Burlington, N. J. 

" Newark, N. J. " Alliance, Ohio. 

" Olaremont, N. H. " Connellsville, Pa. 

" No furtb^ orders shall be placed in any of the above-named districts the 
filling of which will involve the consumption of power by any industry in 
excess of that heretofore consumed by it, without first obtaining the approval 
of the War Industries Board, which will investigate and advise as to the avail- 
ability of power supply for the fulfillment of such additional contracts. 

"Applications to place further orders will be made direct to the Director of 
Purchases and Supplies for submission to the War Industries Board. 

" These Instructions will not, however, in nnywlse interfere with the making 
of purchases or the placing of orders or contracts which do not require the 
seller or manufacturer to increase his consumption of power. 

"Previous Instructions relative to this subject are rescinded.** 

Bkioadieb Genebai^ N. A. 

Dibectob of Pubchasbb and Supplies. 

Assistant Chief of Staff. 



Exhibit C. 
65th Congress, 2d session, H. H. 12776. 

In the House of Representatives, August 19, 1918. 

Mr. Sims introduced the following bill ; which was referred to the Committee 
en Interstate and Foreign Commerce and ordered to be printed : 

A bill to provide further for the national security and defense and for the 
more effective prosecution of the war by furnishing means for the better utili- 
sation of the existing sources of electrical and mechanical power and for 
the development of new sources of sudi i)0wer, and for other purposes. 

Be it enacted by the Senate and House of RepresentaU^^es of the United 
States of America in Congress assembled, That when used in this act, unless the 
context shall require a different Interpretation — 

(a) The term "power plant*' means a plant equipped for, and employed or 
intended to be employed In, generating, developing, transmitting, or distributing 
electrical or mechanical power, and includes all machinery and appliances 
therein contained, together with all lines transmitting or distributing power 
in connection therewith, and all other property the ownership, use, or occu- 
pancy of which may be appropriate to or useful in connection with the main- 
tenance and operation thereof. 

(b) The term *' private power plant '* means a power plant owned or operated 
by any person, association, corporation, or body politic, other than the United 
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States, for the purpose of generating, developing, transmitting, or distributing 
such power, either for sale or for the use of the owner or operator thereof 
or of some other x)erson. 

(c) The word "person" includes natural persons, copartnerships, joint-stock 
companies, voluntary associations and corporations, and the receivers and other 
custodians of the property of any of them. 

(d) The word "operator" means the owner, lessee, or other person In 
general control or operation of any plant, factory, or enterprise. 

(e) The term " property " Includes real and personal property of every nature 
and description, together with any right, Interest, or easement therein or 
appurtenant thereto. 

(f) The term "war material" means any material or commodity which, In 
the opinion of the President, It may at any time be necessary or important to 
produce or of which he may deem It necessary or Important to Increase the 
production. 

(g) The term "to acquire" means to purchase, requisition, condemn, or 
take over the title to, or to lease, requisition, condemn, or take over the 
right to use, occupy, or operate the whole or any part of; and, unless It shall 
be limited by the context, includes all such acts. 

(h) The term "within the boundaries of the United States" means all 
lands and waters subject for any purposes to the jurisdiction of the United 
States of America. 

(1) The term " war period " means the time to elapse until six months after 
the President shall, by proclamation, have declared the war between the United 
States and the Imperial German Government and its allies to be at an end. 

Unless it shall be otherwise specifically provided herein the inclusion of any 
matter or thing within the definition of any word or term by the foregoing 
provisions of this section shall not be deemed to exclude therefrom any other 
matter or thing which under the usual construction of such word or term 
would fall within the meaning thereof. 

Whenever, by this act, any duty is imposed upon any person, it shall be 
deemed to be imposed as well upon all agents, servants, or officers of such 
person in so far as It shall be within the scope of their respective functions. 

Sex;. 2. That the Prudent is hereby authorized and empowered, within the 
limits of the amounts herein authorized, or that may hereafter be authorized — 

(1) To construct at any place or places within the boundaries of the United 
States such power plant or power plants as he may deem necessary, and in 
connection therewith to construct within such boundaries plants for the pro- 
duction of gas, coke, toluol, benzol, coal-tar products, and any other useful 
products that may be produced through or in connection with the coking of 
coal or lignite, or through or in connection with the combustion of any fuel. 

(2) For the puri>ose of Increasing the capacity or productivity of any private 
power plant within the boundaries of the United States to install in any such 
plant any structure, machinery, or appliances that he may deem useful to that 
end, either through agents or contractors employed by him, or by providing 
the owner or operator of such plant with funds to be applied to that purpose ; 
to lease the machinery, appliances, and structures thus installed or any parts 
thereof to the owner or operator of such plant for a term of not to exceed 
the war period and such reasonable time thereafter as he may deem expedient 
in the interest of the United States, upon such terms as he may deem reason- 
able; and to enter Into contracts requiring or permitting the lessee to pur- 
chase such appliances, machinery, and structures, or parts thereof, at or before 
the termination of such lease at their then value or upon such other terms as 
he may deem equitable for the protection of the interests of the United States 
and of the community served by such lessee. Whenever any such structures, 
machinery, or appliances shall have been installed and until the sale or other 
disposition thereof, the title thereto shall remain In the United States and shall 
be free and exempt from any liens, mortgages, judgments, or other encum- 
brances, whether created by act of the owner or operator of such plant or by 
operation of law. And upon and during any default in any payment of any 
gums due the United States under such lease or contract the President shall be 
empowered at all times to enter upon the premises upon which such machinery, 
structures, or appliances shall be Installed and there to maintain and to 
operate them or any of them for the use of the United States free from any 
rent or other charge, or to take possession of and remove them or any of 
them from the premises. 
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(3) To aid in equipping any private power plant or in expanding any sach 
plant to such extent as he may direct by making advances, upon such terms 
and conditions as he may determine, to the person operating or authorized to 
operate it, and in connection with midi advances, to agree with sudi person 
that, if the actual reasonable cost of equipping or expanding such plant shall 
be in excess of its value at the termination of the war period, or at such 
later time not more than five years after the expiration of the war period, 
as he may deem reasonable for such valuation, and the machinery, structures, 
or aiH>liances constituting such extension or expansion, or their equivalent, 
shall have been maintained and operated in accordance with his directions until 
such time, repayment of the whole or any part of such excess will be waived, 
and to provide by agreement for the manner of determining such costs and 
values by arbitration or otherwise and for the terms and time of such repay- 
ment: Provided, That the powers conferred by this subdivision shall be exer- 
cised only if the President shall deem that the emergency is such as to render 
it impracticable or undesirable to act with respect to such plant under any 
of the other powers conferred by this act. 

(4) To acquire any private power plant within the boundaries of the United 
States. 

(5) To construct any pipe or other transmission lines, or other structures, 
facilities, or appliances that he may deem necessary or useful for the purpose 
of better utilizing or of increasing the facilities of any power plant, or of 
combining the facilities or i)ower of two or more such plants, or of better 
utilizng the gas, power, or products generated by them. 

(6) To maintain, operate, and extend any plant, pipe or other transmission 
line, or other structure, facility, or appliance which he shall have constructed 
or acquired pursuant to the provisions of this act, and to deliver the power 
generated, and the products produced in any such plant to such persons and 
in such proportions and at such times and at such rates as he may deem 
proper. 

(7) To require the operator of any private power plant within the boundaries 
of the United States to place at the disposal of the United States or to acquire 
from such operator, during the war period, the whole or any part of the power 
gen^ated by such plant ; and during such period to transmit or distribute, or 
to require such operator to transmit or distribute, such power to any other 
power plant or to any other x)ersons for such periods, in such manner and 
quantities, and upon such terms as he may direct. 

(8) To lease for the war period or for such period thereafter not exceeding 
five years, or for any diorter period and upon su6h terms as he may deem 
reasonable, to any person or body politic for use or operation by such person 
or body politic, any plant, transmission line, or other property or part thereof, 
constructed or acquired pursuant to the provisions of this act 

(9) In furtherance of any of the foregoing purposes, to modify, cancel, 
or suspend any existing or future contracts for ttie delivery of i)ower to any 
person not engaged in the production of war material or to the extent to which 
he shall deem the power contracted for to be in excess of the requirements 
for the manufacture of war material by such persons or to which, in his 
opinion, it shall prevent the delivery of power which he shall deem necessary 
for the production of war material of greater or more Immediate utility. 

(10) In furtherance of any of the foregoing purposes, to acquire any prop- 
erty or property rights, Including any public or private rights, or any interest 
in any such rights; or any material, machinery, ai^liances, or processes, 
patented or otherwise, which he may deem necessary or useful for the construc- 
tion, development, expansion, or operation of any such plant or transmission 
lines. 

(11) If in his judgment such action shall be necessary or useful for the 
purpose of this act to form one or more corporations under the laws of any 
State, Territory, District, or possession of the United States for the purchase, 
construction, extension, lease, maintenance, or operation of any such itower 
plants or facilities, or for the merger or consolidation of any private power 
plants, or for the purchase of the whole or any part of the capital stock thereof 
or of the property thereof: Provided, That not less than the majority of the 
capital stock of any corporation thus formed shall be subscribed, and during 
the war period shall be retained by the United States, and that at no thne 
^hall It be a minority stockholder therein. 

(12) To sell or exchange any plants or structures constructed by him and 
jiy property to which he shall have taken title, and any rights acquired by 
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him, whenever in bis opinion the interests of the United States will be 
furthered by such sale: Provided, That no public right acquired by him shall 
be alienated for any term in excess of five years after the war period, upon 
any terms or conditions other than those prescribed by the sovereignty from 
irhich such public rights shall have been acquired: Provided further. That 
whenever in the opinion of the President any structure or appliance which 
he shall have installed in any private power plant or any structure or 
appliance in any such plant to which he shall have taken title, or any property 
or right which he shall have acquired from the owner of such plant, shall 
constitute an integral portion of such private plant, or shall be of such char- 
acter that it would be uneconomical to separate it therefrom, the owner of such 
private power plant shall be accorded an option to purchase the same at the 
then reasonable value thereof to be ascertained eidier by agreement or by 
arbitration wherein the President shall select one arbitrator, the operator a 
second, and the two thus selected a third, before the same shall be otherwise 
offered for sale or exchange. 

(13) To appoint and fix the compensation of such attorneys, engineers, 
draftsmen, clerks, and other employees as he may deem necessary for the 
execution of the powers herein conferred. 

(14) To amend or modify any contract made by him pursuant to the provi- 
sions of this act so as to include therein any terms or conditions which it 
would have been lawful to include in such contract at the time of the making 
thereof. 

Sec. 8. That the President may exercise the power and authority hereby 
vested in him and expend the moneys herein and hereafter appropriated, through 
such officers, agents, or agencies as he shall create or designate from time to 
time, may require any such officers, agents, or agencies to perform the duties 
which he shall impose upon them, and fix the reasonable compensation for the 
performance of such services. But no official or employee of the United States 
shall receive any additional compensation for such services except as is now 
permitted by law. 

Sec. 4. That whenever any act done pursuant to the provisions of this act 
shall constitute a taking of private property within the meaning of the Consti- 
tution, just compensation shall be made therefor In an amount to be determined 
by the President ; and if the amount so determined by the President Is unsatis- 
factory to the person entitled to receive the same, such person shall be paid 
seventy-five per centum of the amount so determined by the President and shall 
be entitled to sue the United States to recover such further sum as, added to 
said seventy-five per centum, will make up such amount as will be Just com- 
pensation therefor, in the manner provided for by section twenty-four, para- 
graph twenty, and section one hundred and forty-five of the Judicial Code. 

Sec. 5. That the provisions of section three hundred and fifty-five of the 
Revised Statutes shall be inapplicable to the acquisition of real property under 
the provisions of this Act Within three monUis after such acquisition a de- 
scription of the property acquired and of the extent of the interest acquired 
therein shall be filed with the War Department and in the office In which, by 
the laws of the State, Territory, District, or possession wherein the property 
is situated, it is provided that instruments affecting the title to real property 
shall or may be recorded. 

Sec. 6. That no structure affecting the navigable capacity of any navigable 
waters of the United States shall be constructed or installed under the provi- 
sions of this Act until the plans therefor have been approved by the Chief 
of Engineers and the Secretary of War. 

Sec. 7. That any person who shall knowingly neglect or refuse to comply 
with any order or requisition made by the President or by any officer, agent, 
or agency whom he shall have designated or created pursuant to the provisions 
of section three hereof, or who shall knowingly obstruct or attempt to obstruct 
the enforcement of or the compliance with any such requisition or order, or 
who, by means of any false statement or fraudulent representation, shall induce 
or attempt to induce the President or any such officer, agent, or agency to 
laid, advance, or provide any moneys, or to provide or install any property, 
or to enter into any contract or to perform any other act authorized by the 
provisions of this Act shall be punished by a fine of not more than $5,000 or 
by imprisonment for not more than two years, or by both such fine and im- 
prisonment 

Sec. 8. That the President may retain any property and operate any plants, 
transmission lines, structures, facilities, or appliances constructed or acquired 



130 . THE POWER SITUATION DURING THE WAR. 

under the provlsloiiB of this act for such time as he may deem necessary or 
advisable for the purpose of selling or otherwise disposing thereof. 

If, at the termination of the period provided by the contract relating thereto, 
or of such extension of th^ time of payment therein provided for as in further- 
ance of the Interests of the United States, the President may deem it expedient 
to grant, the owner of any plant or transmission line in or upon which any 
machinery, appliances, or structures shall have been Installed pursuant to the 
provisions of subdivisions two and three of section two hereof, shall have failed 
to pay to the United States the value of such Installations and all rentals or 
other return due for the use thereof, or shall have failed to provide for the 
payment thereof upon terms satisfactory to him, or shall thereafter default in 
such payments, the President may acquire title to such power plant and may 
thereafter sell it or maintain and operate it for such time as he may deem 
necessary for the purpose of protecting the interests of the United States. 

Except as is herein otherwise provided all other authority granted to the 
President by the provisions of this act shall cease at the termination of the 
war period, but the termination of such authority shall not affect any contract 
executed, act done, or any suit or proceeding had or commenced under the 
terms of this act prior to the date thereof; and any offense committed or 
liability Incurred prior thereto may be prosecuted in the same manner and with 
the same effect and shall be subject to the same penalties as if such authority 
had not terminated. Nor shall the termination of such authority prevent the 
collection of any moneys due the United States, or the sale or other disposition 
of any property which it shall have constructed or acquired pursuant to the 
provisions of this act. 

Sec. 9. That all administrative expenses Incurred in the exercise of the 
powers herein conferred shall be allowed and paid on the presentation of 
itemized vouchers therefor; and In order to defray such expenses there is 
hereby appropriated the sum of $150,000, out of any moneys in the Treasury not 
otherwise appropriated, to be paid out upon warrants drawn on the Secretary 
of the Treasury by the President or by any officer, agent, or agency whom he 
shall have designated .or created pursuant to the provisions of section three 
hereof. 

For the purpose of construction, acquisition, maintenance, and operation of 
plants, transmission lines, and other material and property which the President 
is hereby empowered by the provisions of this act to construct or acquire and 
of providing funds pursuant to the provisions of subdivisions two and three, of 
section two hereof, there is hereby appropriated, out of any moneys In the 
Treasury not otherwise appropriated, the sum of $200,000,000. 

All revenues derived from the sale of any product of any plant or property, 
which shall have been constructed or acquired pursuant to the provisions of this 
act, or from the lease or operation of any such plant, property, or trunsmis- 
idon line shall be available for the maintenance and operation of such plant, 
property, or transmission line; and all revenue in excess of the expense of 
such maintenance and operation and all sums received upon the sale of any 
property constructed or acquired pursuant to the provisions of this act or 
ill repayment of any funds expended or provided pursuant to the provisions 
of subdivisions two and three, of section two hereof, shall be deposited and 
covered into the Treasury to the credit of this appropriation. 

Sec. 10. That as soon as practicable after the first of January in each year 
the President shall cause to be submitted to the Congress a detailed report of 
all property constructed, acquired, or Installed; of all moneys loaned or ad- 
vanced, and all receipts and expenditures made pursuant to the powers con- 
ferred by this act. 

Sec. 11. That this act may be cited as the " Emergency Power Act** 

Sec. 12. That if any section or provision of this act shall be Invalid for any 
reason whatsoever, the invalidity of such section or provision shall not be 
construed to affect the validity of any other section or provision thereof. 
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REPORT ON POWER SERVICE FOR WESTERN PENNSYLVANIA 

AND EASTERN OHIO DISTRiaS. 



PREFACE. 

PURPOSE. 



The following report is a description of the present electrical power 
resources and requirements in the district of western Penn^lvania, 
including Pittsburgh, Butler, and Wheeling, W. Va., and eastern 
Ohio, including Youngstown, Warren, Canton, Akron, develand, 
and intermediate sections. Power resources are required here to 
supply the largest and most congested industrial district of the 
United States. The report will indicate the annual growtiii of the 
electric power generated each year from 1918 to date and the maxi- 
mum instantaneous power demand on the central stations. 

The report also has for its purpose the determination of future 
central station requirements of the district for a period of five to 
seven years, and recommendations are made for a unified connected 
system to supply the entire western Pennsylvania and eastern Ohio 
territory. The increase of power required from central systems will 
be made up of the increased power demands of present customers; of 
the power required to replace such portion oi the power which at 
the present time is being generated inefficiently by separate isolated 
steam plants ; and of the power requirements to meet tne demands of 
new manufacturing industries ; and also of possible needs of railroad 
electrification. The merits of and the advisability of the early elec- 
trification of railroads is not herein discussed as there is some doubt 
among the electrical engineers of the railroad companies as to the 
economic advantage of railroad electrification, except in specific 
instances. There are a few sections of the railroads leading into Pitts- 
burgh that have heavy mountain grades where railroaa electrifica- 
tion wiU not only effect an economy in railroad operation, but will 
also greatly increase the carrying capacity of Uiese sections of; the 
railroad which otherwise place a limit upon the long-haul capscsbp^. 
of the railroads. The item of this power requirement is given bnl^r 
to indicate the probable increased demands on central stations shouKi 
electrification become an accomplished fact. 

The report contains an outline of the construction program which 
the various public utilities have started upon in order to keep up 
with the growing power demands. The present tendency is to pro- 
vide generating equipment in steam plants of larse sizes, conven- 
iently located to the coal mines and to an ample supply of condensing 
water. With these conditions satisfied, the plants are otherwise 
located as dose to the points of power consumption as possible. 

Although the future power requirements will be largely furnished 
from new steam-generating equipment, there are a number of favor- 
able water-power resources withm transmission-line distance of the 
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Pittsburgh district which should ultimately be constructed to con- 
serve coal, reduce labor costs, and improve reliability of service. 
The development of these water powers, which are located on im- 
portant tributaries of the Allegheny ana Mononsahela Bivers, will 
also assist in flood control in the improvement of navigation facili- 
ties and domestic water supply for the city of Pittsburgh. 

SCOPE OF THE REPORT. 

This report will be limited to the western part of Pennsylvania 
and the eastern part of Ohio. This area has been shown upon plate 
1^ upon which there is indicated the present high- voltage transmis- 
sion lines used to distribute the power from the existing large steam 
power plants to the points of use. The district and transmission 
systems are divided into sections whose limits are more or less dic- 
tated by the sphere of operation of the public utilities operating 
therein. 

The section served by the Duquesne light Co. is the city of Pitts- 
burgh proper, and eztcuids outside of Pittobursh and embraces prac- 
ticaQy all Beaver and Allegheny Counties. The West Perm Power 
Co. furnishes the power in Uie territory surrounding Pittsburgh and 
the Duquesne Lignt Co. district. It comprises the greater part of 
the soutnwestem comer of Pennsylvania. Some power is furnished 
in the Panhandle of the State of West Virginia. The Mahoning and 
Shenango Kailway & Light Co. has generating stations at New 
Castle and Ellwood City, Pa., and Youngstown and Lowellyille, 
Ohio. It supplies the power requirements in and near these cities. 
The American Gas & Electric Co. has generating stations and dis- 
tributes power at Wheeling, W. Va., Steubenvilfe, East Liverpool, 
Canton, Jfewark^and Fremont, Ohio. The Windsor power station 
near WeUsburg, W. Va., on the east bank of the Ohio River, furnishes 
a lar^ amount of power to both the West Penn Power Co. and the 
American Gas & Electric Co., who are partners in ownership of 
this plant. The operating company of the Windsor plant is the 
" Beech Bottom Power Co." Henry L. Doherty & Co. own public 
utilities and plants at Warren, Alliance, Massillon, Mansfield, and 
Lorain, Ohio, serving these cities and some of the intervening terri- 
tory. The Northern Ohio Traction & Light Co. has power plants 
near Akron, and serves the vicinities of Bedford, Kent, Akron, and 
. Bitijberton. It supplies also a large amount of power for trolley 
lE^inrice. In Cleveland, Ohio, there are the Cleveland Electric Illumi- 
ifftting Co. and the municipal plant of the city of Cleveland. The 
Ohio Service Co. has power plants at Coshocton and New Phila- 
delphia, Ohio. 

The power for trolley service is largely furnished by the North 
Ohio Traction & Lu^ht Co,, with power plants near Akron, the Pitts- 
burgh, Harmony, Butler, and New Castle Railway, with a plant at 
Harmony Junction, Pa., the Stark Electric Bailroad Co., at Alliance, 
Ohio, the West Penn Power Co,, and the Duquesne Light Co. 

SOURCES OP INFORMATION. 

Personal interviews were had with the operating management of 
each of the public utilities discussed herein. Plant operation and cost 
data were obtained from the companies. Information has also been 
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obtained from reports of Maj. C. F. Lacombe and John C. Damon, 
Engineers, U. S. Army, made to the War Industries Board and to the 
Chief of Engineers. 

SUMMARY. 

There was a shortage of power in the western Pennsylvania and 
eastern Ohio district during the war period of 1917 and 1918, and 
steps were initiated to remedy this condition, which resulted in a 
program for the addition of 300,000 kilowatts of new equipment to 
De placed in operation during 1919. VVith Government financial 
assistance, an installation of 40,000 kilowatts for the Springdale plant 
of the \Vest Peim Power Co. and 8,000 kilowatts in the Lorain 
County Electric Co.'s plant at Lorain were contracted for. The 
power shortage was somewhat relieved by the cooperation between 
the various central station systems and by cooperation also with the 
customers. The occurrence of the influenza epidemic, which depleted 
the labor resources of the manufacturing companies, and the signing 
of the armistice in November prevented the accumulation of a power 
demand in December that might have been beyond the capacity of 
the central stations to furnish. 

The total generating capacity in the power plants of the district, 
including the cities of Uleveland, Lorain, Akron, Warren, Youngs- 
town. Alliance, Canton, Massillon, Mansfield, Newark^ Coshocton, 
PittsDurgh, Connellsville, Wheeling, Windsor, and others amounts to 
773,000 kilowatts. The total output of power from these stations in 
1918 was approximately 2,440,000,000 kilowatt hours. The aggregate 
of the various power peak demands during 1918 was 668pSX) mlo- 
watts. although these figures indicate reserve capacity, its actual 
distribution and the interconnection of the systems was not such as 
to relieve the 1918 shortage in the Pittsburgh district. 

The plant cost of power^ including only coal, labor, and plant repair 
costs, varied from something less than 6 mills per kilowatt hour to 25 
mills in the inefficient central station plants. The cost of coal de- 
livered, which in 1914 varied from $1.06 to $1.72 per ton, increased to 
$2.79 and $4.20 per ton in 1918. The present minimum value of coal 
used for power purposes is $2 per ton. 

Coal consumption per kilowatt hour generated varies from ^ 1.8 
pounds in the efficient plants to 9.2 pounds m the old6r and less efficient 
plants. There is such a wide variation in the rate of coal consumption 
and the cost of manufacturing power between the modem efiicient 
plants with units of large capacity and those of the older plants with 
inefficient and small-sized units that a great economy can be procured 
by generating the power of the present inefficient plants with efficient 
equipment ot large-sized units in the power plants which have been 
started or contemplated at Windsor, Cheswick, Springdale, and 
elsewhere. If the power now generated by the inefficient plants in 
the western Pennsylvania and eastern Ohio district with a coal con- 
sumption rate of over 2^ pounds per kilowatt hour and a power manu- 
facturing cost of over 5 mills per kilowatt hour w^re generated in 
efficient plants at a coal consumption of 1.8 pounds, there is possible 
an annual saving of 796,000 tons of coal per year and of $6,950,000 
annually in plant ojieration cost. 
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Exclusive of isolated generating equipment in the larger steel 
companies, there exists in the district approxiinately 700,000 kilo- 
watts of generating equipment installed in isolated power plants, of 
which, it IS estimated, 460,000 may be economically replaced by cen- 
tral station, service during the next five to seven yea^. W with 
proper consideration to the diversified character ox the isolated serv- 
ice, will increase the peak loads upon the central sj^stems 205,000 
kilowatts. The power which is now generated in these isolated plants 
is estimated at a coal consumption of 9 pounds per kilowatt hour. 
If the power were furnished from central station systems, there is 
possible a further conservation of coal in addition to that given above 
of 3,250,000 tons per annum and a probable saving in manufacturing 
cost of power of $12,000,000 per year. 

In addition, however, it is estimated that there is some 800,000 
kilowatts of generating ecjuipment — including electric, gas, and 
steam power — ^in the major iron and steel companies in this district 
In view of the fact that steel companies have by-product fuel and 
waste heat, it is not probable that more than half of this will ever 
affect central station service. This would increase the peak demand 
by 180,000 kilowatts. 

Central stations of this district serve an industrial manuf acturi»g 
load. Of their total output, some 15 per cent is used for lighting, 65 

E9r cent for power requirements, and 20 per cent for trolley service, 
oad factors on the various systems vary irom 38 to 61 per cent, with 
a weighted average of 49.7 per cent for the district. The average 
diversity factor is about 45 per cent. 

It is estimated that in order to meet the increased demands of 
present customers the requirements of isolated plants when supplied by 
central station service, and to meet the requirements of new industries, 
there will be additional central station power-generating equipment 
required adequate to furnish 2,200,000,000 kilowatt hours per year. 
This will reauire 530,000 kilowatts of new steam turbines and aux- 
iliaries, which should be installed within the next five to seven years. 
In addition, 300,000 kilowatts of the present inefiicient ec|uipment in 
central stations should be bettered or replaced. It is estimated that 
within the same period the steel companies will require some 800.- 
000,000 kilowatt hours of power per year from central stations, re- 
quiring an increase in capacity of 20i0,000 kilowatts. If all of the 
railroads in western Pennsylvania and eastern Ohio were electri- 
fied, their power requirements would be 2,400,000,000 kilowatt hours 
and would require an addition of 500,000 kilowatts in plant equip- 
ment. 

In order to meet the power requirements for the next five to seven 
years it is recommended that the program which the central station 
systems have started upon be actively carried out and extended. In 
order to produce the cheapest power in this district it is necessary 
that power plants be located at points where abundance of coal sup- 

§ly is available and ample amount of condensing water is assured, 
uch locations necessarily fall along the Ohio Kiver and the main 
tributaries thereof. The plants at Windsor and Sprjngdale and the 
proposed plant at Cheswick meet with these conditions. They are 
on the Ohio and Allegheny Rivers and have, immediately adjacent 
to the plants, coal mines o ^ ample capacity for some 25 years' dura- 
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tion at least. Next in importance for power-house locations there 
may be mentioned West Pittsburgh on the Beaver River, Warren on 
the Mahoning Biver, near ConneUsville on the Yougfaiogheny Biver, 
and Bolivar on the Tuscarawas. The choice of the latter locations, 
though less favorable than the former, may be required because oi 
the localized power demands. 

Transmission-line systems of the major companies — ^that is, of the 
Duquesne Li^ht Co., the West Penn JPower Co., the Mahoning & 
Shenango Bailway & Light Co., Northern Ohio Traction & Light 
Co., the Doherty mterests, and the American Gas & Electric Co. — 
should be interconnected by transmission lines of ample capacity, 
and there should be a closer joint operation of the systems in order 
that the total required reserve capacity for the district mav be re- 
duced to a minimum, also in order that their reliability of service 
may be increased during emergency conditions, and, lastly, in order 
that only those plants economical in coal consumption and operation 
costs may be built. 

Tl(»—21 10 



Jf ART 1. 

POWER SUPPLY CONDITIONS DURING THE WORLD WAR. 

There was a power shortage in western Pennsylvania and eastern 
Ohio district during the war period of 1917 and 1918. The district 
is one of the largest industrial manufacturing sections of the country^ 
especially so in the manufacture of war material. Some 40 per cent 
oi the total amoimt of steel required for munitions, steel ship con- 
struction, etc., was furnished from this district. Four-fifths of the 
country's blast furnaces are located here. In addition to the manu- 
facturing interests, a large amount of bituminous coal is mined. Had 
an ample amount of power been available, the severity of the coal 
shortage during the war could have been partially relieved. 

Early in the war, the urgent need of additional generating capacity 
was evident, but it was impossible for the central station companies 
to finance adequate extensions to their generating equipment. It was 
therefore necessary for the Government to lend the financial assist- 
ance that was finally given to the West Penn Power Co., the Lorain 
County Electric Co., and to the Duauesne Co. Arrangements were 
made with the first comi)any to install 40,000 kilowatts of generatins" 
capacity at the new Springdale plant near Pittsburgh by the end ot 
1919 or the first part of 1920, and 8,000 kilowatts of capacity in the 
Lorain plant. The boiler capacity of Duquesne Co. was increased, 
which netted an increase of 15,000 kilowatts to the capacity of the plant. 

Immediate remedy to the growing shortage was^ however, neces- 
sary, and this was accomplished partially in three different ways. A 
better cooperation and interconnection of the transmission systems was 
established between some of the main central station companies. 
This permitted a freer exchange of power between the systems, and 
thoum it did not increase the amount of power materially, a greater 
reliability of power supply was obtained, in that reserve capacity in 
one system was called upon during the shortage on other systems. 
The cooperation of the jwwer customers themseh^es was obtained, by 
which they were restrained as far as possible from calling for power 
during the maximum peak period and to take their supply during the 
off-peak periods of the day. The i)ower requirements of the lesser 
or nonessential industries were curtailed to some extent. 

During the middle of 1918 the largest generating unit in the dis- 
trict, a 40,00(f-kilowatt unit, was burned out. This accident called for 
immediate action. Some of the shortage was made up by curtailing 
the use of power in mercantile and office establishments during the 
peak period from 7.30 to 10 a. m. By this means a decrease of 4,600 
to 5,000 kilowatts on the maximum peak was obtained. In addition, 
many contracts for new load were refused. 

Under these circumstances a most serious shortage would have been 
reached at the end of 1918 had not the influenza epidemic occurred. 
There is normally an increase of some 20 per cent in maximum peak 
demand from September to December, due to the longer lighting 
hours and increase in power demands. The decrease in labor supply 
resulting from this epidemic curtailed very materially the amount of 
power required. Later, the cessation of war activities upon the sign- 
ing of the armistice further curtailed the otherwise largely increased 
power requirements. 
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PRESENT GENERATING CAPACITY AND POWER PLANT 

OPERATION. 

INSTALLED GENERATING CAPACITY. 

The ceatral station systems of western Pennsylvania and eastern 
Ohio district have at present the following instaUed generating 
capacity : 

Kilowatts. 

Duquesne Light Co 1 157, 450 

West Penn Power Co 112, 160 

Mahoning & Shenango Railway & Light Co 58» 000 

American Gas & Electric Go ; 122, 750 

Henry L. Doherty & Co 75, 450 

Cleveland Hlectric Illuminating C5o ; 146, 900 

City of Cleveland -.. 16, 000 

Northern Ohio Traction & Light Co 60, 175 

Ohio Service Go ; 12, 840 

Stark Electric CJo 2, 300 

773. 015 

The Duquesne Light Cp. have seven separate plants, with 75 per 
cent of the total capacity in one plant, that of Bmnots Island. The 
West Penn Power Co. have 12 power plants, with 89 per cent of the 
capacity in two modem plants, Windsor ana Connellsville. As will 
be discussed later, the other plants of this company are uneconomical 
in their operation and will sooner or later be shut down or held for 
emergency reserve service. They were, however, of valuable assist- 
ance in supplying power for war needs during the past two years. 
The generatmg capacity of the American Gas & Electric Co. is dis- 
tributed among seven oifferent plants. Forty-one per cent of this 
capacity is located at Windsor. Liarge capacities are also located at 
Canton, Newark, and Ballville. It is proposed at some time to 
extend the transmission lines of the Sunnyside division of this com- 
pany from Barnesville to New Lexin^on, upon the completion of 
which all the generating plants of this company will be intercon- 
nected and will form one system. 

The generating equipment of the Doherty properties is located 
in five different cities; 45 per cent of the total capacity is located at 
Warren, which promises to receive the greatest part of the industrial 
development. 

Although it has been intended to include all of the electric power 
generating companies within the district, there are a few minor com- 

?anies which it has been necessary to omit. They consist of the 
'oungstown & Ohio Kiver Bailroad Co. and the Salem Electric Co. 
They furnish power for trolley service. The West Virginia Trac- 
tion & Electric Co. operates trolley systems in West Virginia, and 
has power plants at £lm Grove and Morgantown. Other compa- 
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nies are the Monongahela Valley Traction Co., the Mercer County 
Light Co., and the Citizens Traction Co. at Oil City. The Lake 
Shore Electric Railway Co. operates a suburban railway near San- 
dusky, Ohio. 

ANNUAL POWER OUTPUT OF CENTRAL STATION COMPANIES. 

The annual kilowatt-hour output of the central station systems for 
the calendar year 1918 was as follows : 

Kilowatt hours. 

Duqaesne Light Co 641,900,000 

West Penn Power Go 362, 378, 800 

Mahoning & Shenango Railway & Light Co— 188, 572, 000 

American Gas & Electric Co 280,032,000 

Henry L. Doherty & Co 144, 332, 800 

Cleveland Electric lilnmipating Co 543, 663, 000 

City of Cleveland 67,482,000 

Northern Ohio Traction & Light Co 181, 662, 800 

The Ohio Service Co 25, 505, 400 

StarlE Electric Co 8, 166, 90O 

2, 443, 645, 20O 

During the past six years there has been a decided and rapid 
growth in the output of the central stations of this district, as is in- 
dicated in Appendix 1 for the various systems and as shown graph- 
ically on plate 2. The maximum power demands which occurred in 
1918 are itemized as follows : 

Kilowatts. 

Duquesne Light Co 141, 000 

West Penn Power Co. (exclusive of purchased power) 74, 490 

Mahoning & Shenango Railway & Light Co 35, 000 

American Gas & Electric Co.* : 69, 850 

Henry L. Doherty & Co.* (approximate) — 46,700 

Cleveland Electric lUuminating Co 136,319 

aty of Cleveland 15, lOO 

Northern Ohio Traction & Light Co 40. 800 

Ohio Service Co 5, 900 

Stark Electric Co 2, 460 

567,619 

During February and March of 1919 there was some dropping" oft 
in power demands on the central station systems, due to the curtail* 
ment of manufacturing operations occasioned by war contracts. 
Smce that tune, however, there has been an increase, and the re- 
quirements on the central station systems have now reached a normal 
amount for this time of the year. In Appendix 3 is given the kilo- 
watt-hour output for the first four or five months of 1919 (as indi- 
cated) for the central station systems. 

The total amount of power generated by the Windsor plant for 
the vear 1918 was 241^6,180 kilowatt hours, which was distributed 
to the systems of the West Penn Power Co. and the American Ga» 
& Electric Co. 

> Total of tbe maximom demAncto mslalBed on tbo InOiyldual plants. 



Part 3. 

COAL C»NSUMPTION AND ECONOMY OF PLANT 

OPERATION, 

PLANT COST OF POWER. 

As used in this report, the cost of "manufacturing power" or 
^ plant cost " is to include cost of coal, plant operation labor cost, 
and tiie cost of repairs. It does not include reserve funds set aside 
to cover depreciation, interest, or taxes. 

PLANT ECONOMY. 

There are three factors which enter into the economy of plant 
operation: First, there is that of accessibility of the plant to coal 
supply and condensing water. The proximity of a large coal supply 
eliminates the cost of freight in the production of power. An ample 
quantity of condensing water of low temperature makes it possible 
to obtam a high deCTee of vacuum and thereby greater efficiency in 
the prime mover. The benefits of accessibility may be offset by the 
remoteness of the power plant from the load center or from the point 
of the use of power. Freight on the transportation of coal, assum- 
ing that an ample supply of condensing water is available at either 
place, when balanced against the cost oi transmission of power plus 
the value of the power lost in transmission determines the location 
of the power plant. 

For the plants in this district which are favorably situated there 
should first be mentioned that of the Windsor plant, which is located 
on the Ohio River and obtains its coal supply from mines inune- 
diately adjacent to the plant. The Brunots Island plant at McKees 
Roc^ and the Connellsville plant have ample condensing water, but 
minimum freight charges on the coal supply. The plants at Cleve- 
land, Ohio, have the most ifavorable condensing- water conditions, but 
relatively high freight charges. During 19l» the Cleveland Elec- 
tric Illuminating Co. made an economic study to determine whether 
future generating equipment should be built on the Ohio River adja- 
cent to a bituminous-coal supply and the current delivered by high- 
voltage transmission lines to Cleveland, or whether their plant 
should be located on Lake Erie, at the load center, and with a more 
favorable supply of condensing water, but subject to a freight char^ 
of $1.10 to $1.90 per ton on the coal supply. The present intention is 
to adhere to the Liake Erie location. Plants on tne Mahoning River 
at Youngstown and at Warren have sufficient condensing water and 
average freight charges of $1 per ton. The plants at Wheeling, 
W. Va., East Liver]>ool, and Steubenville are favorably situated for 
condensing water and coal supply, but are not efficient, mainly be- 
cause of tne age of the equipment and size of the units. 
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COAL ITEM IN POWER COSTS. 

The second item entering into the economy of plant operation is 
the cost of coal. In addition to the Windsor plant the West Penn 
Power Co. is building a second plant on the Allegheny River at 
Sprin^dale, with a low-price coal supply to be obtained from a mine 
immediately adjacent now being developed. The Duquesne Light 
Co. is contemplating a new plant at Cheswick^ a short distance below 
Springdale on the Allegheny Kiver. Conditions at these three sites 
make them favorable locations for the future addition of new equip- 
ment when compared to the other power plants in the district. 

EFFICIENCY OF POWER PRODUCTION. 

The third item entering into plant economy is the efficiency which 
is obtained in the prime mover and auxiliary plant equipment. High 
efficiency is obtained in the new modem design of steam turbines of 
large capacity, such as the 20,000 kilowatt and 80,000 kilowatt units 
now being installed at Springdale and at Windsor accompanied bv 
modem type of boilers and motor-driven auxilianr equipment. Sucn 
plants permit the production of a kilowatt hour for the least amount 
of coal, a condition which can not be obtained in units of smaller 
size and eauipment of older design. In addition to the less heat 
efficiency of the boiler and prime mover equipment of the older and 
smaller plants there is a greater labor cost because of the size and 
number of units and the Tack of motor-driven equipment. Except 
for the efficient plants named above, the high plant cost of power in 
this district is largely due to old equipment, small sizes of units, 
and lack of efficient auxiliary equipment 

COST OF COAL. 

Cost of coal is the main item entering into cost of power produc- 
tion. Freight on coal for the plants m this district varies from 
practically nothing at the plants located at the mines to $1.90 per 
ton at the plants in northern Ohio. The No. 8, or Pittsburgh vein, 
and the Twin and Freeport veins in the Pittsburgh district are the 
source of coal supply for plants in the neighborhood of Pittsburgh 
and western PeDnsylvania. Power plants m Ohio obtain their coal 
from different mines^uch as local mmes of Ohio : the Pittsburgh dis- 
trict Balkan, Ky. : Bellaire, Ohio : Cherry Vallev, Pa. ; Danville, 
Ohio; and Paint Creek, W. Ya. For all plants tne cost of coal in 
1914 varied from $1.06 to $1.72 per ton delivered. In 1918 the corre- 
sponding cost varied from $2.79 to $4.20. Minimum present cost is 
in the neighborhood of $2 per ton delivered. A greater use of 
electric power in the mining of coal will result favorably in the 
present and future cost of coal and power. A large part of the 
future prospects and growth of power demands on the system of the 
West I'enn Power Co. is expected to come from the use of electric 
power from central stations for coal mining. 

COAL CONSUMPTION. 

Coal consumption per kilowatt hour for the central plants in this 
district in 1918 varied from less than 2 to 9ii pounds of coal per 
kilowatt hour. Sixty-live per cent of the total Kilowatt hours pro- 
duced in 1918 were at a consumption rate of 2} pounds per kilowatt 
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hour or less. Thirty-five per cent of the kilowatt hours was gener- 
ated in 26 plants at a coal consumption of 2.5 to 9.2 pounds per kilo- 
watt hour. 

Note. — ^The poor economy in coal consumption during the year 
1918 is due somewhat to a poor grade of coal which was obtainable 
during that year and to the inefficient labor, the trained forces of 
the boiler rooms having been depleted by army requirements. 

UNIT COST OF POWER PRODUCTION. 

The plant cost of power production, including only coal and labor 
costs and plant repair costs, varies from something less than 5 mills 
to 25 miUs per kilowatt hour. Fifty per cent of the total power pro- 
duced in 31 plants had a plant cost of 5 mills per kilowatt hour or 
less. The remaininj^ power cost an average of 8.6 mills per kilowatt 
hour. One-half biUion kilowatt hours had an average cost of 13.1 
mills. If the 50 per cent of the power had been produced in a mod- 
ern plant it would result in an annual saving of $6,950,000. In addi- 
tion to this, if the 905,000,000 kilowatt hours now produced annually 
inefficiently in isolated plants were generated in large central sta- 
tions there would be an additional annual saving of at least 
$12,000,000. 

Note. — Data were not available indicating the plant operation cost 
for the Cleveland Electric Illuminating Co. The equipment of the 
companv is efficient and it comes within the first class of power pro- 
duced, that is, at less than 5 mills per kilowatt hour. 

FUTURE ECONOMY OP POWER PRODUCTION. 

The production of cheap power for the future requires that new 
generating equipment shall consist of units of large capacity such as 
are used at Windsor, and contemplated at Springdale and Cheswick 
by the West Penn Fower Co., and the Duquesne Light Co. The 
development of water power should be given greater consideration. 
The increase in new generating equipment must be such as not only 
to meet the growing demand for power but also to permit shutting 
down the present central station plants which are inefficient and 
which are being operated at a hign plant cost. A better intercon- 
nection of the central station systems is desirable for economy of 
power production as it will cut down the total amount of reserve 
generating equipment required for the district. A closer interopera- 
tion of the systems will secure greater reliability of power supply, 
and will also permit the better location of new generating equipment 
to meet economic requirements. It will produce a lower diversity 
factor, that is, a kilowatt of installed capacity will serve a greater 
number of customers. 

COAL CONSERVATION. 

Coal consumption in the best plants is considerably under 2 pounds 
per kilowatt hour. The plants, such as contemplated at Springdale 
and Cheswick, should have an economy equal to the best pmnts. 
As pointed out elsewhere, these plants will be used not only to sup- 
ply new load demands, but to diut down and replace the load upon 
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the less efficient plants. However, it is not probable that within the 
next five years plants of a consumption of 2^ pounds per kilowatt 
hour and with normal operating costs will be shut down or put into 
the discard class. Therefore, for the period under consideration, 
it is hardly proper to count on any economy except that possible in 
the balance of the power output, that is, that requiring at present 
a consumption of greater than 2^ pounds per kilowatt hour. On the 
basis of 1918 there were 760,000,000 kilowatt hours of power gen- 
erated in the less efficient central station plants of western Pennsyl- 
vania and eastern Ohio bv the use of 2,963,000,000 pounds of coaL 
having a total cost of $4,814,179. This amount of power produced 
in modem plants at a consumption rate of 1.8 pounds per kilowatt 
hour and at plants located adjacent to coal mines would effect a 
saving of 796,000 tons of coal per year- In addition to this, if the 
905,0W),000 kilowatt hours now produced in isolated steam plants 
with assumed consumption of 9 pounds per kilowatt hour were pro- 
duced by efficient steam plants there would be a further conservation 
of 3,260,000 tons of coal. 

Note. — ^Wherever possible, the inefficient plants are now shut down 
during the night, Saturday afternoon, and Sunday periods, and are 
placed upon the line only when the efficient equipment is not suffi- 
cient to carry the total load. For example, the Canton plant was 
placed in operation only during the day and was shut down during 
the night and all day Sunday. With the addition of increased ca- 
pacity to the systems these plants will be shut down practically all 
the time and will be used for reserve purposes. 



Part 4. 
CHARACTER OF POWER AND ITS USE. 

DISTRIBUTION OF POWER. 

The use of electric power now generated in the western Pennsyl- 
vania and eastern Ohio district is confined mostly to lighting, power, 
and railway purposes. By railways is meant city and suburban trol- 
ley systems. The power use includes that for all motor-driven manu- 
facturing purposes, electric furnaces, and electrical heating. The 
total central station output is used for the different purposes in the 
following proportions : 

Per cent 
Lighting. 15 

Power 65 

Railways 20 

100 
PEAK LOAD. 

The peak loads sustained by the various systems during 1918 have 
been given above. 

LOAD FACTORS. 

The annual load factors vary for the different systems from 38 to 
61.6 per cent. The weighted average annual load factor for the 
entire district for the year 1918 is 49.7 per cent. 

CONNECTED LOAD. 

The connected load of the Duquesne Light Co., consisting only of 
its light and power load, amounts to 286,100 kilowatts ; that for the 
West Penn Power Co. is 188,500 kilowatts including railways ; the 
Mahoning & Shenango Railway has a connected load of 93,000 
kilowatts. The corresponding diversity factors are 38 per cent, 43 
per cent, and 39 per cent. 

FREQUENCY— CYCLES. 

In general, the current produced by central stations for power and 
lighting purjposes is 60-cycle current and for some trolley systems 
26-cycle current The current produced by the larger steel com- 
pames is mostly S5-cycle current. 

LOAD CURVES. 

Typical week day, Saturday, and Sunday load curves for some of 
the lar^r systems are shown upon plates 3 and 4, upon the latter 
of which is superimposed also a composite load curve for the entire 
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district. This curve is presented to show the characteristics of the 
variation of load during the day and during the week. It has a 
weekly load factor of 63 per cent. It is to be referred to again under 
the caption of " Water-power developments.'* 

There is at present a difference of time of one hour between the 
Pittsburg sec^on of western Pennsylvania and the Gbio districts. 
This, if it were maintained, would make possible a diversity in the 
peaks of the two localities. However, upon the repeal of the day- 
light-saving^ law, and assuming that the present railroad time will 
be used, which changes at a point west of the Ohio district and not 
within the limits of the territory here considered, the schedule for 
the two localities will be the same and the peaks will be more or less 
coincident. 



Past 6. 

POWER REQUIREMENTS FOR THE FUTURE FIVE TO 

SEVEN YEARS. 

ADDITIONAL RBQUIREM ENTS OF PRESENT CENTRAL STATION 

CUSTOMERS. 

For lighting, — In general, the increase in power requirements for 
lighting may be taken at 10 per cent compounded annually, which 
includes the increased demands of present customers and new light 
business. For a five-year period, there would be an increase of 60 per 
cent of the present lighting loads. In arriving at the future require- 
ments, this percentage of increase in the present lighting load has been 
used for five to seven years. ' ' 

For power. — The power load of the various systems increases at 
an average rate of 13 to 15 per cent compounded annually. This for 
a period of five years would result in an increase of 100 per cent to the 
present power load. However, such an estimate includes, in addi- 
tion to the increased demands of present customers, the power re- 
;uired for new industries and conversion of isolated power plants, 
n this report, the items for the last two requirements are estimated 
separately, and, it is believed, more accurately than would be the 
case in an assumed, fixed, ana uniform, percentage. Therefore, in 
order to cover the amount of additional power reauired for present 
central station customers, 2 per cent compoundea annually, or 13 
per cent of the present power demands, wul be added for a five to 
seven year period. 

RcMway load. — ^It is estimated the increased power supi>ly required 
for the next five to seven years f or^ trolley operation will be from 
15 to 26 per cent of the present requirements and 20 per cent is used 
for the purpose of figuring. 

Table 1. — The estimated amount of power required to meet increased demands 

of the present custom^ers of central stations. 



Torrltoiy sorvod by— 



DuqiUBne Lig^t Co 

Wett Penn Power Co 

Mahoning & Shenango Ry. & Li^t Co. 

American Qas & Electric Co 

Henry L. Doiherty & Co 

Cleveland 1 

Stark Electric Co 

Northem Ohio Traction & Li^t Co 

Ohio Service Co 



Total. 



Grand total. 



Estimated increase in the demands of 
present customers. 



Lifting. 



KUowatt 

houn. 
51,000,000 
22,000,000 
85,000,000 
25,000,000 
25,000,000 
65,000,000 
00,000 
10,000,000 

3,000,000 



236,000,000 



Bailway. 



KUowau 
houn. 

85,000,000 

10,000, 0(X> 
5,000,000 
5,000,000 
5,000,000 

30,000,000 
2,000,000 

10,000,000 
600,000 



Power. 



ZOotrott 
himn. 
45,000,000 
85,000,000 
15,000,000 
27,000,000 
20,000,000 
50,000,000 
100,000 
15,000,000 
2,000,000 



102,500,000 I 209,100,000 



547,600,000 



1 Inetadlng tenrltodeB of the Cleveland Electric Illuminating Co. and the dty^ plant. 

Isolated stewm and gas plants. — ^For the items of isolated plants 
and new business, valuable information was obtained from the cen- 
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tral station companies, which was the result of intensive surveys 
which they had made in their individual districts and which indi- 
cate a larm number of isolated steam plants eeneratin^ a large 
amount of power that can be more economicaUy furnished from 
central stations. See Appendix No. 4. 

The power which could thus be supplied from central station 
service more economicallv as to cost of power and as to conservation 
of coal and labor is estimated as follows. It is the power that 
would be required of central systems, and has been arrived at after 
making proper deductions for availability. 

Tabu: 2. — Potcer requirements of central systems to replace that now generated 

ifn isolated plants. 



Territory served by*^ 



Kilowatt boor. 



DuquesnelJsbtCo. 

West Pcnn Power Co 

Mahoning & Sbenango By. 4k light Ca: 

In Pennsylvania. 

In Ohio 

American Oas dc Electric Co.... 

Henry L. Ddierty A Co 

Clevelandi 

Stark Electric Co 

Northern Ohio Traction St Llg^t Co 

Ohio Service Co 



190,000,000 
870,000,000 

82,000,000 
38,000,000 
25,000,000 
40,000,000 
160,000,000 



50,000,000 
10,000,000 



Total 

Power generated in steel manu&cturlng plants . 



1906,000,000 
720,000,000 



> Kxeloslve of any of the large steel manoiacturing plants. 

* Including terrltoriei of the Cleveland Electric lUuminating Ca and the dtyl plant. 

Isolated steam plants are not as a rule connected to the central 
station systems, and in nearly all cases they are of small size. Ac- 
cordingly, the consumption of coal per kilowatt hour of the power 
which they generate and the unit cost of power are in excess of that 
of the power produced by central stations. 

One exception should be mentioned to this statement, and that is 
the case of isolated plants belonging to the steel companies. Here, 
much of the fuel supply is obtained from waste heat and gas from 
blast furnace operation, which is used for the production of steam 
and indirectly for the production of power. Such a fuel supply, be- 
mg a by-product, is figured as adding nothing to the cost of power 
production. This may not always remain true, however, for when 
a more valuable use for the ^as is obtained, it may result that power 
can be produced cheaper from coal. Even at the present time, 
approximately half the power used by the steel companies is pro- 
duced directly from coal burned under the steam boilers. It is not 
proper to assume that all the isolated plants in steel companies are 
future prospects for central station systems. In several instances, 
as in the case of the Came^e Steel Co., the requirements for power 
are large, and a number of its steel plants are located in one district. 
It is possible for such a steel company to construct and operate a 
central system of its own, using efficient units of large size and the 
transmission of power at relatively high voltage, in addition to 
this, steel companies own mines of their own and obtain coal at a 
bw cost for manufacturing purposes and incidentally for power 
production* It is therefore possible for them to locate their generat- 
ing plants near such mines. For the purpose of this report, it will 
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be assumed tliat onlv half of the isolated power plants belom^ing to 
steel companies in the district are to be cuassed with other isolated 
plants as future prospects for the central station systems. This 
item for steel compames will be added as a separate item distinct 
from the compilation of other isolated plants. 

In regard to isolated plants other than those in steel mills, there 
are some in which exhaust steam is used for heating. Others are of 
small capacity and not within economic transmission distance of 
central s&tions. It is not proper therefore to assume that all of them 
are available as future prospects or will be connected with the cen- 
tral station systems witkin the next five years. An arbitrary por- 
tion, g:enerally 60 per cent of such isolated equipment, is estimated 
as available for central station systems within the next five to seven 
years. The price of central station power and the reliabUity which 
IS required by the consumer and which can be furnished bv the cen- 
tral stations affect this percentage. The ratio between this aggre- 
gate of the individual loads or isolated plants are the maximum 
central-station load re(}uired to supplant tne isolated plants is fur- 
ther reduced by the diversity factor. For estimating purposes the 
diversity has been figured on the same percentage factor as prevails 
on the existing systems in those sections. 

The isolated plant equipment in the district of West Penn Power 
Co. consists mainly or that owned and operated by coal mining 
companies, and glass and other manufacturers. That in the Du<juesne 
Light Co. district consists of equipment used in the manufacturing of 
iron, steel, steel furnaces, railway shop operation, etc That in the 
Mahoning & Shenango Railway & Light district is located in steel 
plants, railroad shops, or is used in the manufacturing of stoves, 
paper, rubber, cement, glass products, engine e^uiDmentTetc, and in 
tiie district of the Dohert^ properties it is used in the manufacturing 
of steel and railroad eHquipment and for the operation of dock load- 
ing and unloading equipment, etc., and in Cleveland consists in equip- 
ment used in textile, iron, and steel industries, dock machinery, build- 
ing elevators* miscellaneous manufacturing, and the production of 
chemicals, ruober, and in furnaces. 

Power requirements far new business. — The estimated requirements 
of central station systems necessary to supply the electrical power 
that will be required for new industrial business, including require- 
ments of power for electrical heating and electrolytic purposes, are 
as follows : 

Table 3. — Power requirements of central station systems to supply new business. 



Territory served by— 



Duquesnc I^ht Co 

"West Penn rower Co 

Mahoning & Sbangngo Railway dcUght Co 

American Oas & Kleetric Co 

HJenry L. IMIierty 4^ Co 

CIoTeiand Klectrlc Illuminatiiig Co. and the City ot Cleveland. 

Norihera Ohio Traction & Li^ Co 

Ohio Service Co '. 

Total 

Steel companiea • 

Grand total 



Kilowatt hours. 



100,000,000 

13S,«»,000 

40,000,000 

05,000,000 

880,000,000 

iao,ooo,ooo 

to, 000,000 
27,500,000 



74ft,WO,O00 
80,000,000 



825,500.000 
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Central stations power required for the eowoersion of isolated 
power in steel ma/i/mfaeturing plants. — ^From a survey of the power- 

S»nerating equipment in the steel mills, consisting of those of the 
nited States Steel Corporation, Jones & Laughlin, Crucible SteeL 
and the large independent companies of western Pennsylyania ana 
eastern Ohio, it was found that there is approximately 880,000 Idlo- 
watts in electrical generating equipment, and, in addition, there is 
approximately 680,MX) horsepower of steam enmnes, gas engines, and 
other power used for power purposes other than the generation of 
electric power. Half the power is produced tropi waste heat and 
gas by-product fuel. The remaining half of the power is produced 
from coal in the usual maimer. It is believed that steel companies 
will jSnd a more valuable use for some of the ^as now used in power 
production, so it is estimated that half of their power requirements 
should and will be furnished from central-station service. The esti- 
mated aggregate central-station demand for this work has been fur- 
ther reduced by an assumed percentage of availabilitv and diversity 
of loads. Future power reouirements to meet this aemand for the 
next five to seven years will be approximately 720,000,000 kilowatt 
hours per year, or an increase of 180,000 kilowatts upon the central- 
station power peaks. 
Note. — ^The waste heat and gas by-product fuel used by steel com- 

Eanies for power generation does not include what is commonly 
nown as "by-product gas'' ; that is,.the gas resulting from the pro- 
duction of coke from coal. It is too vfduable for this use. Benzol, 
toluol, and other by-products are recovered from the gas, and the heat 
value resulting from the balance is used for other purposes than steam 
production. 

Note. — ^It has been the experience of the large steel companies that 
though the gas by-product ruel which they obtain in their manufac- 
turing operations would give a total heat efficiency of 20 per cent if 
used m gas engines, yet ad;ually cheaper power is producea when the 
same gas is used under boilers to produce steam for steam turbines 
with only an over-all heat efficiency of 10 to 15 per cent. There is 
one case of a plant, in which six 500-ton blast furnaces produce suffi- 
cient by-product fuel to generate 15,000 kilowatte of electric current. 

Power required for railroad electrifrcation. — It is to be expected 
that the railroad lines passing through Pittsburgh and this district 
will at some future time be electrified. There is a heavy suburban 
traffic on the Pennsylvania lines from the suburbs into the city of 
Pittsburgh, and the main lines are more or less congested at the 
present time from the through passenger and freight traffic. 

The railroads leading into Pittsburgh have heavy grades for a 
portion of the divisions ou{ of this city, which make electrification 
favorable for such portions of the line, if not for the entire division. 
Railroad electrification of all of the lines would hardly be expected 
within the period covered by this report, but it will probably be 
undertaken on some of the more favorable sections. During 1918 
the Pennsylyania Railroad gave serious consideration to electrifica- 
tion of that portion of the Pittsburgh division from Altoona to 
Johnstown, which, under the conditions that existed at that time, 
was the most economical way of overcoming a serious congestion of 
traffic. The merits of electrification and operation versus continua- 
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tion qf stieam-locomotive operation are not discussed in this repor*: 
further 'tn^.n to set out the amount of power that will be reauired 
fo? the electrification of the railroads in the vicinity of PittsDurgh 
should such electrification be made. It may.be said, howeyer, that 
in addition to increasing the capacity of congested portions by 100 
per cent the cost of railroad operation would be greatly decreased. 

. It is more than likely that power supply for electrification will 
come largely from central station systems, in that central-station 
companies have now established large transmission^line systems and 
large extensions of their power-generatiiui; equipment, which will 
guarantee a source of power in the lar^e blocks that is required for 
electrification, and also absolute reliability, which is the most essen- 
tial feature in railroad operation, and, further, the central-power 
systems will become stronger and more reliable as their equipment 
is increased. 

The availability of central-station power will relieve the railroads 
of this part of their problem — that is, the i>roblem of financing that 
part of the investment for generating equipment, which is a large 
Item. It also diminishes the amount of mvestment required for 
reserve generating capacity in that the reserve cai)acity existing in 
the central-station systems will be ample, and it will only be neces- 
sary for the central-station systems to provide additions to their 
generating equinment amountmg to the usable Quantity needed by 
the railroads. The earning capacity of the central-station companies 
should provide ample credit for financing power-plant adoitions 
required for railroad electrification. 

Power requirements for the electrification of the main railroads 
into and out of Pittsburgh have been considered and, in general, 
for a distance equal to a present operating division from Pitts- 
burgh. On the Pennsylvania Bailroad, the section from Altoona 
to Johnstown is the most favorable for electrification. It consists 
of 12 miles of 2 per cent average grade and 24 miles of 1 per cent 
average grade. Operation of this section would require a peak 

Eower demand of at least 33,000 kilowatts. The railroad company 
as ^one so far as to build an experimental locomotive for this 
division. On the Baltimore & Ohio Bailroad th^ most favorable 
section for electrification is that of the mountain grade in West 
Virginia from Grafton to Kevser, a distance of 78 miles and a maxi- 
mum grade of 2.4 per cent. It is to be noted that this section passes 
near the Cheat River water-power development, which, if deveiopjed, 
would furnish power for this purpose. The Connellsville division 
of the Baltimore & Ohio favorable for electrification has 101 miles 
of 2.2 per cent ruling grade. The Bessemer & Lake Erie Bailroad is 
145 miles long from North Bessemer to Conneaut. Its freight con- 
sists mainly of ore and coal traffic. The Pittsburgh & Lcike Erie 
Bailroad is also considered, and also the Baltimore, Rochester & 
Pittsburgh Bailroad. 

In Appendix No. 5 is given the estimated kilowatt-hour require- 
ments 01 power for electrification of the above-named railroads^ 
tCH^ether with the maximum peak on the basis of varying load factors, 
which depend upon the character and amount of traffic handled in 
each case. It is estimated that a total of 2,400,000,000 kilowatts and a 
combined peak demand of 600,000 kilowatts would be required for 
the electrincation of all of these railroads. 
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TOTAL FUTURE POWER REQUIREMENTS. 

The total estimated future power requirements include power neces- 
sary : (a) To meet the growing demands of the present consumers, 
(b) for the conversion of those isolated plants which should be 
changed to central-station service, (c) for new business require- 
ments, and (d) for railroad electrification. The total ^ estimated 
increase of central-station power needed by 1925 or 1926 is given as 
follows. This is a summation of the figures of Tables 1, 2, and 3. 

Table 4. 



Territory or district served by— 



Duquesne LUht Co 

WestPenn Power Co 

Mahoning & Shensngo Ry. & Light Co 

American Gas & Electric Co 

Henry L. I>oherty& Co 

Clevdaad * 

Stark Blectiric Co 

Northern Ohio Traction & Li|^t Co 

Ohio Service Co 

Total 

Steel companies 

Railroad electrification 

Grand total 



Estimated total needed 
increase in central station 
supply. 



Kilowatt hour. 



411,000,000 
500,000,000 
165,000,000 
177,000,000 
310,000,000 
426,000,000 
2,190,000 
105,000,000 
43,000,000 



2,196,100,000 

800,000,000 

2,400,000,000 



increase^ 
kilowatts. 



90,000 

117,000 

30,000 

45,000 

100,000 

105,000 

600 

25,000 

15,000 



527,600 
200,000 
500,000 



5,398,190,000 



1,227,600 



*■ Indoding territories of the Cleveland Electric Illuminating Co. and the city's plant. 

Table 5. — Estimated installed generating capacity needed by 1926 in the terri' 

tory of western Pennsylvania and eastern Ohio. 



Territory served by— 



Duquesne Light Co 

West Penn Power Co 

Mahoning A Shenango Ry. & Light Co. 

American Gas & Electric Co 

Henry L. Doherty & Co 

Cleveland 

Stark Electric Co 

Northern Ohio Traction de Light Co. . . . 
Ohio Service Co 



Total 

Reserve capacity. 



Steel otKUpanies 

Railroad electrification. 



Reserve capacity. 



Present 

maTimum 

central 

station 

peak load. 



KUowattt. 
140,000 

80,000 

35,000 

70,000 

46,000 

150,000 

2,500 
40,000 

5,900 



Peak in- 
crease in 
5 to 7 
years. 



509,400 



{ 



Kilowatu, 
90,000 
110,000 
7,000 
30,000 
45,000 
100,000 
105,000 
600 
25,000 
15,000 



Estimated 

peak in 

1927. 



527,600 



300,000 
500,000 



} 



KUowattt, 
280,000 

197,000 

05,000 

115,000 

146,000 

255,000 

3,100 

65,000 

20,900 



Estimated 
installed 
efllcient 
capacity 
required 
by 1926. 



KilowattB. 
270,000 

230,000 

90^000 

150,000 

175,000 

300,000 

5,009 

9o,ooa 

25,000 



1,097,000 



238,000 



1,335,000 



300,000 
500,000 



225,000 
500,000 



1,797,000 2,060,000 
263,000' 



Pabt6. 

RECOMMENDATIONS AND LOCATIONS FOR NEW 

GENERATING EQUIPMENT. 

PROGRAM CONTEMPLATED PREVIOUS TO WAR. 

Prior to the war some of the major power companies in western 
Pennsylvania and eastern Ohio designed plants and ordered ma- 
chinery for large additions to their generating systems a^CTeg^ating 
for the Duquesne Light Co., the West Penn Power Co., Mahoning & 
Shenango Kailway & Light Co., the American Gas & Electric Co., 
the Doherty properties in eastern Ohio, and others, 300,000 kilowatts 
installed capacity to be placed in plants designed for an ultimate 
capacity of more than double this amount. 

After the signing of the armistice and during the early part of this 
year, it was expected that the above construction program would be 
curtailed considerably. There was a falling off of maximum kilo- 
watt demand and a greater falling off in kilowatt hour requirements. 
At the present time, however, the load is back to the normal con- 
ditions of 1918, and it is expected that the usual increase in demand 
will be present at the end of the year. Generally, the midsummer 
load is 15 per cent less than the January peak, whereas the December 
increase amounts to 20 per cent in excess or the previous January 
load. 

RECOMMENDATIONS FOR NEW POWER GENERATING 

EQUIPMENT. 

In order to meet the normal increase of power demand from the 
present customers, and provide for the conversion of isolated steam 
and gas plants, and for new applications of electric power, it is 
strongly recommended that an active construction program be car- 
ried on to increase the present central station equipment of western 
Pennsylvania and eastern Ohio district by 650,000 kilowatts to a 
total of, including present equipment, 1> 335,000 kilowatts. In addi- 
tion 300,000 kilowatts of present inefficient equipment in central 
stations should be bettered or replaced by modem equipment. 

With the proper rearrangement of the existing transmission lines 
of the West Penn Power 6o. and with the addition of new trans- 
mission lines to their system, the Springdale plant on the Allegheny 
River will take the power load to the north, northeast, and east of 
Pittsburjgh. The present Connellsville plant will be connected with 
the Spnngdale piant by transmission lines of ample capacity for 
interchange of power. The Springdale plant will relieve the steam 
plants at Sutler, Ligonier, and Creighton, which have a hiffh coal 
rate, and the gas-engine plant at Kittanning. The Springdak plant 
will also be connected by ample capacity to the so-called " l*ittsburgh 
ring," the transmission svstem of the Duquesne Light Co. surround- 
ing the city of Pittsburgh, and a connection will be made to the pro- 
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posed Cheewick plant of the Duquesne company in order that there 
may be an exdiange of power between the two companies during 
emergency conditions. 

The Wmdsor plant, operated by the Beech Bottom Power Co., now 
installed for 90,000 kilowatts and soon to be increased to 120,000 kilo- 
watts, will have a reliable capacity of 90,000 kilowatts, allowing one 
unit for spare requirements. Of the 90,000 kilowatts, ^000 are con* 
tracted for the service of the West Penn Power Co. This capacity 
will be used to supply power to the south and west of Pittsburgh, 
and will permit shutting down, the existing inefficient steam plants 
at Washington and the gas plant at Waynesburg as soon as the 
transmission line connection is made to the latter plant. The plant 
will be required to supply the growing requirements of mining opera- 
tions. 

Fifty thousand kilowatts of active capacity at Windsor, to serve 
the American Gas & Electric Co., should oe used to relieve tiie plants 
at Steubenville and East Liverpool, which are the most inefficient 
plants on this company's system. Ultimately the Windsor capacity 
will be used to shut down the Wheeling and Canton plants of the 
same company, and will be used to meet the new business demands 
near Wheeling, and in southeastern Ohio. At Canton and at Akron, 
which is connected by a 132,000- volt line to Canton, there is a rapidly 
increasing market in rubber and other miscellaneous manufacturing. 

The Lowellville plant of the Mahoning & Shenango Railway & 
Light Co. is relatively an efficient plant. The plants at North Ave- 
nue, Youngstown, and at Ellwood City, Pa., are inefficient plants 
and should be supplied by power from a new modem plant. A site 
has been selected bv the Sianoning & Shenango Railway & Light Co. 
for a new steam plant on the Beaver River at West Pittsburgh, de- 
signed for a capacity of 60^0 kilowatts. The transmission lines of 
the Mahoning & Shenango Railway & Light Co. should be connected 
by ample capacity with the systems of the West Penn Power Co. and 
tfie Duquesne Light Co. 

As part of the war program, the henry L. Doherty & Co. con- 
templated the construction of a 25,000-kilowatt plant at Bolivar. 
There is a need of an efficientplant to shut down the inefficient plants 
at Alliance and Massillon. Tne Bolivar site is said to be suitable for 
developing 60,000 kilowatts, but as there is such a probability of 
greater increase in power demands upon this company's system at 
these and the plants at Lorain and Mansfield, a more comprehensive 
study and program of construction seems desirable, and may result 
in a choice of another location instead of the Bolivar site. Should 
the Bolivar location be chosen, or any other location in this part of 
(>hio, it should be interconnected by a transmission line of ample 
capacity to the Windsorplant, through the existing transmission 
line which extends from Windsor to Akron. 

RELATIVB LOCATION OF COAL RESOURCES AND POWER PLANTS. 

On Plate No. 1 there are shown some of the natural coal resources 
as they have be^i made evident by existing commercial coal mines. 
The map also shows by the principal rivers drawn thereon the more 
important sources of condensing water. Some of the rivers are, how- 
ever, limited by low summer flow accompanied by high-water tem- 
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perature. The Ohio River and the main tributaries thereof are the 
most important sources for condensing water. This fact and the 
abundauce of coal supply indicate that the best locations for steam 

J)lants are almiff these waterways. These conditions indicate that the 
ocations at mndsor, Springdale, and CheswicTi, West Pittsburgh, 
and Connellsville are favorable. 

WATiER-POWEB RESOURCES. 

Clarion River development. — ^The most important water-power 
sites are those on the Clarion and Cheat Rivers. The Clarion River 
is the second tributary in importance of the Allegheny River. It 
drains 1^50 square miles, of which some 63 per cent of the area 
still remains timbered. It has an average flow of 2^200 second- feet 
of water. There are two sites, one at the mouth or the river near 
Foxburg and the other at or near Clarion, Pa. At both sites, dams 
of approximately 250 feet in height may be constructed. Extensive 
surveys have been made of physical characteristics determining the 
water-power resources of this river. The two dams above mentioned 
will provide a total usable storage capacity of 40 billion cubic feet, 
which is sufficient to completely regulate the river to a continuous 
uniform flow in a year of average stream flow. This storage will 
make available some 650,000,000 Kilowatt hours of prime power in 
an average vear and 420,000,000 kilowatt hours in a year of extreme 
low-water flow. The sites are some 40 miles in transmission-line 
distance from the " Pittsburgh ring " of the Duquesne Light Co. 
end 25 miles to a connection with the system ox the West Penn 
Power Co. This fact, together with the existence of a large central 
system load in western Pennsylvania, makes it favorable to install 
a large generating; capacity at each of the two sites, which should 
be used to carry tne peak load of the major power systems of west- 
ern Pennsylvania during week days. That is, this water power 
would possess its greatest value when used to take the peak load of 
the western Pennsylvania district, assuming that the present steam 
plants and new steam plants that will be installed will carry the 
base portion of the load for six days of the week and idl of the 
load on Sunday. It is estimated that, as above recommended, the 
two sites should be installed for an aggregate total of 300,000 kilo- 
watts at an approximate cost of some $28,000,000. This estimate is 
based upon prewar costs plus 40 per cent, and includes purchase 
of lands and franchises, necessary highway and railroad changes* 
concrete structures, turbine and electrical equipment, transmission 
s}'stem between the two sites, and a 40-mile transmission line with 
step-up and step-down transiormers of ample capacity and proper 
reserve to supply 300,000 kilowatts of power to the Pittsburgh 
district. 

There would be improvement to navigation facilities resulting 
from the increase in the low-water flow of the Allegheny River that 
would be obtained by the regulation of the natursu stream flow of 
the Clarion for power purposes by the above storage capacity. The 
low-water flow of the Allegheny in September, 1908, was 990 second- 
feet of water at Pittsbui^h. The stora^ capacity on the Clarion 
River is capable of being used for the improvement of flood con- 
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ditions 11I0O. Its twraler b^ing ctoarer than thMof the Allegheny 
Biver, and the presence of large settling reservoirs^ wptld ma^ 
this river a favorable s6urce of domtetic water supply for the city 
of Pittsburgh. 

CJieat Rvoer dep^lopment.-^The Cheat Biver is a tributary of the 
M^nongahela ' River ' and drains 1,415 square miles above a ^int 
where the river crosses the West Virgima-Fdnn^lvania State line. 
The drainage area is mostly within the Stkte of West Virginia; This 
river has a meatl annual flow of 8,180 second-feet of water from a 
drainage area of 1^880 square miles. The average run-off is 2.87 sec- 
ond-feet per square mile. The lowest annual flow of which there is 
any record occurred during 1904. It amounted to a mean flow of 
2,060 second-feet for the period Sept^nber 1, 1908, to August 81, 
1904, or an average flow of 1.49 second-feet per square mile. 

Amon^ the possible water-power sites on the Cheat Biver and its 
tributaries, at least six are worthy of consideration and will conserve 
nearly all the power resources of this river. Of these, the first is the 
State line delevopment, which consists of a dam and power house 
near the State line. Part of the dam, including foundations for four 
turbine installations, was finished July, 1918, since wMch time no ad- 
ditional construction has been done. When completed, this develop- 
ment will have an average effective head of 81^ feet and will be 
installed for 86,000 kilowatts. Its storage capacity is small and will 
be used only for daily regulation. 

The second development is known as the Beaver Hole development. 
It will be made possible W a dapi across the Cheat Biver just above 
the backwater n*om the State line development. The construction 
of a 250-foot dam is possible. Some storage capacity will be created 
by this dam. It has not, however, been taken advantage of in the 
determination of the power, as its main purpose is the creation of a 

Sressure head. Large storage capacities are included in the other 
evelopments. 

The third development is one proposed on the Big Sandv, a tribu- 
tary of the Cheat Kiver. It is a development mack possible by the 
conistruction of a dam on the Big Sandv above BockviUe. A 216- foot 
dam will produce a storage capacity of 225,000 acre-feet. 

The fourth development will be made possible by a dam on the 
Cheat Biver 1} miles, approximately, below the conmience of Muddy 
Creek, where the construction of a 250-foot dam is possible. 8<Hne 
storage capacity will be available at this site, though the main pur- 
pose of the dam is to create a pressure head. 

The fifth development made possible by the construction of a 
dam across the Cheat Biver above Bowlesbur^ is chiefly a reservoir 
development. A rough estimate from the United States Geological 
Survey maps indicates that, at a maximum reservoir elevation of 
1,626 feet, this site will have a usable storage capacity of 600,000 
acre-feet. A power house, turbine, and electrical generating equip- 
ment should be provided at or near the dam. 

The sixth development is known as the Blackwater development. 
It consists of a proposed dam for a storage reservoir on Blackwater 
Biver above the town of Davis, W. Va., and will have a capaci^ of 
125,000 acre-feet. A net average head of 1,260 feet is available nrom 
this development by the diversion of water at a point below the town 
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of Davig and conductmg it by flume to a prmoeed power-house loca- 
tion on Dry Fork above the town of Henari<^. 

The completion of the State line and the oonstruction of the 
Blackwater development are definitelv recommended as the first step 
in the development of the Cheat Biver water powers. It in esti- 
mated that the completion of the State line dev^pment, including 
the installation of 36^000 kilowatts of ^nerating equipment and 
transmission lines sufficient for transmitting the power of this de- 
velopment to Pittsburgh, will cost $2,500,000 oa the basis of pre- 
war cost plus 40 per cent. The Blackwater development is estimated 
to cost. $4,500,000 for lands, structures, and installation of 83,000 
kilowatts of generating equipment ana sufficient trannnisaion ca- 
pacity for ddivering the power at or neai: Pittsburgh. A combina- 
tion of these two (fevelopments and the utilization of the storage 
from the Blackwater reservoir will generate. 290,000,000 kilowatt 
hours of primary electrical power at the switchboard in a year of 
avera^ stream now and approximately 180,000,000 kilowatt hours 
of primary power in a year of minimum stream flow. 

For the second step in the constivction projgram, the development 
of reservoir capacity and of generating equipment in the Bowles- 
burg development may be considered favorable. It is estimated on 
the oasis of prewar cost plus 40 per cent and from the information 
available from United States Geological Survey topographical maps 
that this development complete with generating and transmission 
equipment for 80,000 kilowatts will cost $10,700,000. It will have 
an average operating head of 200 fe^. It, with the State line and 
Blackwator developments, will geQerate 0()O,OOO,OOO kilowatt hours 
of primary power in a year of average stream flow and 360,000.000 
kilowatt hours of primary power in a year of minimum stream flow. 

The third development would be the construction of a dam and 
installation of generating equipmeiut at the Beaver Hole site. It 
will have an operating head of 245 feet. The estimated cost for 
lands, structures, 160,(X)0 kilowatts of generating and transmitting 
equipment, is $12^800,000. This development, and the State Une, 
Blackwater, and Kowlesburg developments, will generptte 950,000,000 
kilowatt hours of primary power in a year of average stream flow 
and 600,000,000 kilowatt hours of primary power in a year of mini- 
mum stream flow. 

The fourth development would be the construction of a dam and 
the installation of generating equipment at the site on the Cheat 
River below Muddy Creek. The estimated cost on the same basis 
as the above developments, with the exertion of an installation 
of 120,000 kilowatts and an operating head of 240 feet, is $13,000,000. 
This development and the four above developments will produce 
1,250,000,000 kilowatt hours of primary pcrwer in a year of average 
stream flow and 780,000,000 kilowatt houra of primary power in a 
year of minimum stream flow. 

The fifth step in the development of the Cheat Biver water powers 
would be the construction of the Big Sandydevelopment. It would 
have a net operating head of 400 feet. The cost is estimated at 
$6,000,000* It and the above developments wiU produce 1^50,000,000 
kilowatt hours of primary power in a year of average stream flow 
and 870,000,000 kilowatt hours of primary power in a year of mini- 
mum stream flow. 
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As in the case of the Clarion Biver^ the construction of water-power 
deyelopments on the Qieat Biyer, being a tributary of the Monon^- 
heU Aiver, would, hjr its larae storage capacity, assist in the im- 
proywnent of navigation on the Monongahela and Ohio Bivers dur- 
ing their low- water flow, and also, to some extent, could be operated 
for the improvement of flood conditions. 

CONCLUSION. 

It is estimated in Table 5 that the total peak on the central station 
systems for the year 1927 would be 1,100,000 kilowatts, exclusive of 
reauirements from steel companies and for railroad electrification. 
Aading to this 100,000 kilowatts for steel company requirements and 
200,000 for railroad electrification will dive a total estimated peak 
of 1,400,000 kilowatts. The present installed capacity of central ste- 
tion systems is 770,000 kilowatts. The present program of the central 
station companies will add some 300^000 kilowatts, which is only suffi- 
cient to replace the present inefficient equipment, whose operation 
should be cfiscontinued. Of the 770,000 kilowatts, 170,000 should be 
considered as reserve capacity, leaving 600,000 kilowatts available for 
carrying peak load and whicn will take a portion of the estimated 
future peak of 1,400,000 kilowatts, leaving the requirement of new 
eauipment to carry 800,000 kilowatts. With a peak of 1,400,000 
kilowatts, the annual amount of power required is 6,000,000,000 Ulo- 
watt hours. The top 800,000 kilowatts of this peak, which is 57 per 
cent of 1.400,000 kilowatts, would require 35 per cent of the total 
power in idlowatt hours, or 2,100,000,000 kilowatt hours (based upon 
the typical load curve on PL 4). 

Tms report recognizes that nydroelectric power which is available 
on the Clarion and Cheat Rivers and other proposed developments in 
the vicinity of western Pennsylvania, if operated in conjunction with 
existing steam-power systems, compare favorably at the present time 
withti^e production of power in additional steam plant^of modem 
design. With increasing cost of labor and fuel, which will increase 
the cost of power at a faster rate in steam plants than it does in hydro- 
electric plants, . future comparison will be more in favor of hydro- 
electric plante than at present. It is therefore recommended, in the 
provisions for additional generating equipment above that now con- 
templated in the present construction program of the central station 
companies, that serious consideration oe given to the hydroelectric- 
power resources. 

Looking toward furnishing the above-mentioned 800,000 kilowatts 
of capacity and the 2,100,000,000 kilowatts hours of power require- 
mente, it may be said that the Clarion Biver developmente discussed 
herein will furnish 300,000 kilowatts of power capacity and 650,000,- 
000 kilowatt hours of power in a year of average stream flow. The 
total Cheat River developments will furnish 500,000 kilowatte of 
capacity and 1,350,000,000 kilowatt hours of power in a year of 
average stream now, making a total for the developments on these two 
rivers of 800,000 kilowatte in capacity and 2,000,000,000 kilowatt 
hours in a year of average stream now. 

Note. — ^With the development of Cheat Eiver power, the increased 
power requirement in the vicinity of Cumberland, Md., and Fair- 
mont, W. V a., will draw upon this resource for some of its power. 
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There are other water powers in West Virginia and western Penn- 
sylvania which may compare favorably with those considered in this 
report. Information, however, was not available which would war- 
rant making any recommendations regarding them. .. ' '*< 

In a year of minimum stream flow, the developments on tli'ese two 
rivers would furnish only 1,290,000,000 kilowatt hours of power, 
which is 21^ per cent of the total required. It corresponds to 43| 
per cent of the top portion of the load curve, or 610,000 kilowatts of 
power capacity. In other words, in a year of extreme low water, 
190,000 kilowatts of reserved steam capacity would be called upon to 
make up the deficiency of water power which* is available in a year of 
average stream flow. 

Statements made in the report on power service for the Southern 
States, relative to the effect of interest charges on the cost of power, 
apply equally well in the district of western Pennsylvania and eastern 
Ohio, especially so, as to the advisable encouragement which should 
be given the development of water power. The high initial invest- 
ments required f or nydroelectric developments retard the construc- 
tion of developments, which, when completed and placed under full 
load, would produce relatively cheaper power. 

JOINT OPERATION OF STEAM AND HYDRO POWER SYSTEMS. 

In the comparison of hydroelectric developments and modem steam 
power plants, the relatively large proportion of the total cost of 
steam power that consists of the fuel and labor charges has an im- 
portant influence. This amounts to 56 per cent for a 55 per cent 
annual load factor and $3 coal. In hydroelectric power the cost of 
power is nearly all made up of fixed expenses ; that is, interest, taxes, 
and replacement charges, and the expense of operation of the plants 
amounts to only a small percentage. In a comparative study^ a 
hydroelectric development may be favorable as long as it is operating 
under full load and there is a sale for all of its primary power^ but 
in case of a slump in the power market, the fixed charges continue, 
whereas in the steam plaint; the fuel and labor charges may be cur- 
tailed to the extent of the decrease in fuel and labor required under 
reduced power market conditions. In addition, this fixed charge on 
the hydroelectric development^ even if, when distributed over the total 
primary power available, it is a reasonable amount, yet when dis- 
tributea over the decreased amount of power actually sold may 
bring the cost of such power up to an exnorbitant cost per kilowatt 
hour. It is therefore desirable that a hydroelectric plant, when built, 
be operated in conjunction with a steam power system of appreciable 
capacity, for during a slump in the power market or a falling off in 
the power demand, a saving may be effected in the operation of the 
systOTi as a whole by an amount proportional to the value of the coal 
and labor that would have otherwise been expended in the steam 
plants had the demand kept up. The hydro plants on the other hand, 
whose annual costs remam unchanged during fluctuations in power 
output, are kept loaded up to fuU amount of the natural resource, 
which is wasted energy unless used. 

A second value of combined operajkion is the free and more 
complete use of the water storagejpermitted bv the insurance which 
the steam capacity furnishes. "When it is laiown that there is 
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no steam capacity to fall back upon a more reserved use of the 
water-storage capacity is necessary during the approach of extreme 
low-water conditions and a less complete use of the water results. 
The supplemental steam capacity is therefore a guaranty of re- 
liability of supply and of economical operation during conditions of 
quite opposite character, the oUe with a nortiial or even excess- i^ip- 
ply of available water power accompanied by a reduced power de- 
mand and the other a low supply of water power accompanied by 
a maximum power demand. Tnexe is also an additional advantage 
to combined operation, which has been mentioned elsewhere. The 
water power furnishes the peak poition of the load, and by so doing 
permits the operation of the steam capacity under a greater load 
factor. By increasing the load factor on the st^am plants of the 
system the cost of steam power may be decreased by a greater amount 
er kilowatt hour thacil the corresponding increase in cost of the 
ydro power that results from the necessary overinstallation of only 
the equipment in the hydroelectric system in order to allow it to take 
the peak portion of the load. This requires onlv a small additional 
cost, comparatively, as the greater part of the investment is in the 
fixed structures whose costs are not increased by the overinstallation. 
The increase of the load factor on a steam system from 50 to 76 per 
cent may decrease the generating unit cost of power by 20 per cent 
for two-thirds of the total power, whereas the accompanying increase 
in the generating unit cost of the hydro power is only 13 per cent for 
one-third of the power. The hydroelectric developments possess a 
much greater value when operated in combination with steam than 
when operated alone as a separate system. 
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Appendix B-1. 



BSmiATBD OUTPUT OF THB CBNTBAL 8TATI0K8 OF WS8TBBN PBNN8TLVAKIA 

AND KASTBBN OHIO^ltlS TO 1918. 





In- 
■taltod 
caaao- 
1^ 


1913 

• 


1914 


1916 


1916 


1917 
431,480,000 


1918 


Daquasiie LUht Co.: 
Branots Island. . . . 


Kw. 
119,500 
11,750 
9,500 
6,400 
5,800 
2,500 
2,000 








476,581,400 


Runkin 










ThirtMnth Street.. 














Twmtietli Strrat. . 














Olenwood 






, 








Falteton 














Phipps 






















..... 








157,450 


283,400,000 


315,200,000 


352,100,000 


472,000,000 


507,500,000 


641,900,000 


West Penn Power Co.: 
Windsor 


40,000 
60,000 
6,500 
1,500 
1,900 
1,200 










8,178,500 
263,299,500 
35,873,200 
5,279,600 
7,258,400 
3,481,300 
1,035,200 

1,966,600 

697,200 

390,300 

4,433,200 


118,573,200 

210,520,100 

17,906,700 

4,230,400 

4,963,700 

8,910,800 

0) 


ConneUsville...... 

Wheeling 


80,572,800 


118,283,800 
14,528,200 
6,273,100 
8,006,900 
1,575,100 
3,078,800 
87,600 
1,518,800 

478,100 
194,100 


143,222,800 
10,025,500 
6,809,300 
7,082,400 
2,200,800 
1,273,100 
81,500 
2,341,600 

482,700 
292,000 


202,305,400 
31,888,700 
7,255,000 
8,126,400 
3,523,400 
1,782,600 

1,559,200 

543,100 

300,500 

3,338,400 


Washington 


5,282,800 
7,012,800 
1,247,700 


Bntier 


Brilliant 


Ambrldge. 




1,315,000 
1,497,700 

347,400 


0) 


Waynesburg Oas, 
isolated......... 


450 

too 

200 


903,400 

886,800 
412,700 


Ugomer 


Renfrew 




















112,150 


100,276,200 


154,116,500 


173,661,700 


260,622,700 


331,393,000 


362,378,800 


ICahonlng & Shenango 
Rt. a Light Co.: 
Kew Castle 




5,352,000 

1,294,000 

1,630,000 

34,063,000 

31,138,000 


357,000 

818,000 

1,838,000 

23,696,000 

57,021,000 










EHwood- 

flteain ........ 




809.000 

2,413,000 

20,810,000 

72,967,000 


521,000 

1,297,000 

30,133,000 

104,936,000 


12,000 

1,276,000 

33,118,000 

129,018,000 




Hydro 

North Avenue 

Lowell ville 


1,000 
12,000 
45,000 


513,000 

23,198,000 

164,861,000 




58,000 


73,477,000 


83,730,000 


97,080,000 


136,887,000 


168,424,000 


188,572,000 


American Gas & FAte- 
trie Co.: 
Windsor 


«50,000 

9,000 

24,500 

12,900 

8,000 

15,000 

1,350 

7,000 














Wheeling 


10,660,800 

17,553,000 

2,230,000 

(0 


14,678,800 

28,966,000 

3,150,000 

(0 


30,557,900 

46,071,000 

7,109,000 

(0 


37,932,800 
60,661,000 
14,506,000 

(*) 


56,450,700 
^109.292.000 


"47,'7«2,'966 
*iii fioanno 


Canton 


Newark 


22 844 000 ^M ^f^ fvin 


Ballville- 

Hydro 

Steam 


12,666,000 

3,122,300 

28.736.400 


36,429,000 

1,191,000 

•Ml fcn ion 


StetibenvUle 








3,436,500 
15,879,000 


East Liverpool.... 














«<7, fov, -nnr ww, ...., .<.'■. 




122,750 


30,452,900 


46,794,800 


83,737,900 


141,415,300 


233,101,400 1280.082,000 


Hennr L. Doherty 
WaJren 


35,750 

6,000 

8,200 

10,000 

•15,500 


6.025,000 
2,471,000 
2,913,800 


6,572,000 
2,692,000 
3,186,000 


11,561,000 
3,614,000 
7,400,000 


11,146,000 
6,084,000 

16,640,000 
837,200 
15.831.400 


27.104.000 


Ml 7M nm 


Alliance 


9.841.000 \'i*i^fonh 


MflffsUlfni . 


23,642.000 
6,384,900 

14 106 4]» 


35,283,000 
24,731,200 
21,376,600 


MansOeld 


Lorain and Elyrla. 




8,517,500 


10,569,700 










75,450 








50,038,600 


81,008,832 


144,332,800 











1 Shot down. 

* Proportionate part of the capacity at the Windsor station. 

> Includes current received from Windsor station. 

< From Aug. 1, 1917, to Dec. 31, 1917. 

ft Includes new 8,000»ldlowatt unit added under Oovemment contract. 
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Appendix B-1 — Continued. 



ESTIlfATSD OUTPUT OF THE CENTRAL STATIONS OF WESTERN PENNSYLVANIA 

AND EASTERN OHIO-ltlS TO 1918. 





In. 
stalled 

•IT 


IMS 


1914 


1915 


1916 


1917 


1918 


Clevdsnd Electric B- 
lumlniitiTig Co.: 

Lake Shore 

Canal 


rt0. 

128,000 
18,900 


176,787,000 
15,28S{,000 


186,822,000 
19,988,000 


282,280,000 
19,942,000 


317,503,900 
23,168,000 


416,426,000 
28,309,000 


511,183,000 
32,480,000 






146, goo 


192,069,000 


206,810,000 


252,202,000 


340, on, 000 


444,735,000 


543,663,000 


Cltrof Oeveland ...... 


16,000 

67,000 
8,700 
2,175 






32,897,000 

65,543,625 

15,466,547 

6,872,000 


50,003,000 

110,669,060 

17,220,487 

6,949,400 


57,276,000 

150,204,576 

16,9ffl,574 

6,784,400 


67,432,000 

163,226,450 
14.170.218 


Northem Ohio Trac- 
tion Co.: 

Canwn 


30,209,968 
17,688,866 


60,488,488 

16,472,150 

7,684,896 


Hydro... 


4,206,600 








72,875 


47,808,819 


74,596,529 


87,882,172 


184,838,897 


173,941,650 


181,662,268 


Ohio Service Co.: 
Hydro 


980 
7,860 
4,000 


2,880,210 
6,774,290 


3,138,760 
7,697,180 


4,306,480 
9,366,170 


4,178,980 
12,047,800 


4,202,420 
17,061,110 


4,392,640 


f^^am 


21.112.780 


Now 




















12,840 


9,663,500 


10,835,940 


13,672,660 


16,226,780 


21,323,580 


25,505,420 


Stark Electric Oo 


2,300 


5,620,000 


6,877,700 


6,211,200 


6,852,800 


7,427,200 


8,166,900 



Appendix B-2. 

KAXOCUH annual SYSTEM PEAK LOADS OF THE CENTRAL STATIONS OF 
WESTERN PENNSYLVANIA AND EASTEBN OHIO FOR 1918 TO 1918. 



Duquesne Light Co 

West Penn Power Co 

Mahoning and Bhenanpo Ry. & Light Co. 
American Oas A Electric Co.: 

Windsor 

Wheeling 

Canton 

Newark 

BaUrllle— 

Hydro 

Steam 

^teubenYiUe 

East Ltverpool 



Henry L. Doherty & Co.: 

Warren 

Mliance 

Masalllon 

Mansfield 

Lorain and Elyria 



Cleveland Electric Illuminating Co. 

City or Cleveland 

Northern Ohio Traction Co 

OhioS^^ceCo 

Stark Electric Co 



1913 



18,000 



3,070 

6,929 

600 



1,065 



56,429 



1,760 



1014 



18,500 



1915 



00,000 



22,000 



3,725 
8,598 
1,060 



9,000 

12,325 

2,400 



843 
1,500 



3,070 



52,952 



1,720 
2,040 



1,270 
5,300 



4,588 



67,059 
9,600 



2,600 
2,2«l0 



1916 



109,000 
29,000 



9,700 

20,337 

4,000 



1,800 



1917 



{ 



117,000 

1 65,058 

< 56, 506 

31,000 



10,000 

34,600 

5,100 



8,000 
1,600 



2,100 

6,900 

300 

3,790 


2,500 
8,500 
5,700 
3,960 


85,000 

11,600 

29,800 

3,100 

2,460 


113,228 

13,600 

35,200 

5,200 

2,530 



1918 



141,000 
78,380 
74,490 
35,000 



10,5ri0 

34,000 

7,300 



10,000 
1,400 
6,000 



69,850 

(19,000) 
3,300 
9,500 
7,500 
7,400 



40,700 

136,319 

15,100 

40,800 

5,900 

2,460 



1 Indndlng purchased power. 



* Exclusive of purchased power. 
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Appendix B-3. 

central station pliant opbbatton dubing ult. 

Maximum nionlhlj/ power demand. 





JanuMT- 


ary. 


March. 


April, 


May. 




SIloHMU. 

132,000 
7^01)0 


130,000 

2S 


KUoualU 


£^iini«« 


Kilixaii,. 










1»,I00 


3i,M0 


AniGrlran Gas and EJuUlcCo.; 




1T,B3£ 


'kS 


■?s 


1;5S 










H«.jjL.D=hmy*Ca: 


li 


■g 


113, «3 

•1i 




























aolooo 


117, 83e 


1I1,WT 












2,IM 


3,180 


2,3« 


2,3TO 





> From Jun«l to Juno I5~ID,l(IOkiloirall 
 Hall muni lot nrsLS miHitba. ' 
< Uailmiint for flnl Smoiilhi. 



ifontklti power output in kilou>att hours. 



j !«■»„. , ir.i™„. 


xaidi. 


AW. 


Hay. 


I 








S-iisSSn-' 


21,000,000 38,000 000 


11»,1M,M8 
i7»,Ha,8» 

1,801, »» 

• a 80 

.i i 

 n 70 

 H U 

■II OO 










^UjjajiWijiil«*c..,  ] , 








ii,»i;m ii,sii,B» 


11,471,SU 


ioJOTO.™ 






j,i«,ooo i.m.aoo 


1,187,300 


















i;i«;a«l i,o»,"i» 


i,868,0M 

















































 Total lot S montlu. 

 Inahida ournnc mclTed Iram Wlndaot plant. 

 Total (or 4 montha. 
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Appendix B-4. 
estimated amount of poweb-gbnbrating equipment in isolated power 

PLANTS. 

[Exclusive of equipment owned by the larger steel oompanles.! 



State of Pennsylvania: 

DoqueeneXigbtCo. district 

West Penn Power Co. district 

Clarion River Power Co.» 

Mahoning & Shenango Ry. & Light Co. 
State of Ohio: 

Mahoning & Shenango Ry. & Lia^t Co. 

American Gas A Rleetrio Co. districts- 
Canton 

Newark 

HeiUT L. roherty & Co.— 

warren 

AUianoeandMassillon 

Lorain. 

Northern Ohio Traction & Li^t Co 

Ohio Servioe Co 

Cleveland Electric Illuminating Co 



Total 

Iiolated power equipment in the major steel oompanles. 



Connected load. 



Total 
equipment. 



Kilowatti. 

120,000 

380,000 

85,300 

31,000 

34,000 

9,000 
13,000 

3,000 
15,000 
10,000 
40; 000 

7,000 
138,000 



704,200 
800,000 



Available 
to central 
station 
service in 
the next 5 
to 7 years. 



KUowaitf. 

80,000 

166,000 

21,000 

15,000 

17,500 

6,000 
6,000 

3,000 
11,000 

7,000 
37,500 

5,000 
00,000 



Estimated 
increase 

to the peak 

load of 

central 

station 

sjTstems. 



464,000 
330,000 



KihwaUt, 

40,000 

75,000 

8,000 

6,000 

7,000 

3,000 
8,000 

1,500 
5,000 
3,500 

13 500 
3,000 

40,000 



306,500 
180,000 



X Incorporated but have no power-generating plant at present and are not furnishing power or li^t ser- 
vice. 

Appendix B-5. 

bstimatbd power requirements for the electrification of railroads 
in the western pennsylvania and eastern omo district. 



Peansylfsnia R. R.: 



Pittsburgh Division 

Oonemactfh 

Lines west- 
Northwest system- 
Eastern Division 

Chesapeake A Potomac. 

E aston A Amboy 

Southwest System- 
Pittsburgh 



Baltimoie A Ohio R. R.: 

CooDellsville Division 

Pittsburg Division 

Otafton-KJsyser Division 

Pitts bnryh j t Lake Erie: 

YoopBtown.. •.•••••• 

ConfiusvUle 

BrcrimsvUle 

Be8seaML# Lake Erie 

Bnilalo^mehestcr A Pittsbnrith. 



Per annum. 



Kilowatt hours. 



1 



632,000,000 



528,000,000 



1,150,000,000 

300,000,000 
350,000,000 

250,000,000 

125,000,000 
230,000,000 



2,405,000,000 



Kilowatt. 



220,000 

60,000 
66,000 

60,000 

35,000 
65,000 



505,000 



APPENDIX C. 



Report to the Chief of Engineers, U. S. Anny, dealing with 

the Production, Transmission, and Distribution 

of Mechuiical and Electrieal Power 

in New England. 

Submitted hy Maj. Cabsoll H. Sbaw» EngiiiMn, U. 8. Army, 

Boston, Mam., April 21, 1919. 
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NEW ENGLAND POWER REPORT. 



INTRODUCTION, 

1. Sooi^ after the power section of the War Industriea Board was 
organized, it became eyideQt that a power shortage might be ex- 
pected in the New liJngland district. The industries, as well as utili- 
ties, had already suffered severely from the restrictive order of the 
Fuel Administration that wen^; into effect early in February, 1918, 
whereby it became necessary to close down all manufacturing indus- 
tries for stated periods, due to jthe inability of the railroads to handle 
the freight and coal tJiat were offered to them^ and also because of 
the lack of sufficient oofil for the var-essential mdustries throughout 
the country. 

2. A great deal of difficulty was experienced. l?y nearly all of the 
utility companies in obtaining suffici^jpt coal to, , continue the opera- 
tion of their station?. This was, pf course, the universal expen^ce 
during that winter, ]biui fprtunately the situation, did not become as 
critic^ in the New i^ngland Spates as with the utilities operating in 
Ohio and Pennsylvania^ where in a number of cases actual shutdowns 
for several days took place because of .la^k of coal^ Kone of the 
I)^ew England utilities, however, sufferied actual ces^tion of opera- 
tion from this difficulty. ^ .... 

3. One of the qtlier serious features of the ,^el problem that caused 
considerable operating difficulty, was the poor quality, of .thie fuel 
that was repeived. A few of the stations endeavored to ntilize Nova 
Scotia coal, but found it entirely, unsatisfactory when utilized under 
conditions where the i5;tajidard bitiiininous cpal of West Virginia Ixad 
previously been used. J, ' , . 

4. .Early in the spring of 1918, a survey, of all, of the Jargp. utility 
companies was made by M aj. George f^. Sever, Engineers, and his 
rpport iB^dicate^. that while, no. serious shortage of power need be 
expected in ,the New ^England territory durixj^ .1918 if., sufficient 
coal c^uld "be received, a very, extensive construction program w:ould 
be n.ecessa.^'y in order lo supply .the requirep^ients in,l919j 1920, and 
1921. AllAf the i^lated operating xojnpanies considered either that 
their inattdled e|^uipment..^ould w* Jsuflicle^it. Jt^ Jb^andla all of their 
anticipated additional loadis during 191$, pr that the Qe\7 equip- 
ment which they had arranged for wpuld give ^hem. sufficient g^- 

f^acity. , One exception to this situation was the New England Power 
7o., who were ujpgabl>6 to determine until rather late in the s^rinff 
upon a definite method pf procedure to secure all of the additional 
capacity, which they felt would be.needei, A transmission, line wa^ 
arranged for from, the new station of the Shore tine Electric Rail- 
way souih of. Norwich, Conn., to. the substation of the New England 
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Power Co. at Millbury. The new 40,000-kilowatt steam turbine of 
the Narragansett Electric Lighting Co. at Providence was expected 
to add from 9,000 to 10,000 kilowatts to their available capacity. 
It was hoped that satisfactory arran&:ements could be made with the 
management of the New YorK, New Haven & Hartford Railroad Co., 
whereby a 10,000-kilowatt turbine which the New England Power 
Co. haa on hand could be installed in the steam plant of the rail- 
road company at Zylonite, and negotiations with this object in view 
were continued until, when they were finally abandoned, it was evi- 
dent that it would be almost impossible to have the machine in opera- 
tion as soon as necessaiy at the new location at Uxbridge, Mass. 

5. Still further increases in load for 1918-19 appeared late in the 
roring, and negotiations were reopened between tne New England 
Power Co. ahd the Edison Electric Illuminating Co. of Boston look- 
ing toward the interconnection of the systems of these companies by 
means of a high tension line of 26fiOO kilowatts capacity. Although 
much delayed, the construction or a line having naif the ultimate 
capacitv was undertaken in September and was under way at the 
time of the signing of the armistice. The transformers had been 
ordered early in the spring^ut, due to the fact that the final contract 
between the New Enj^flanaJPower Co. and the Boston Edison Co. was 
not made until late m the summer, compile specifications for these 
transformers became available so late tnat they could not be com- 
pleted for delivery until December, 1918. 

6. The unavoidable delays that were experienced in the carrying on 
of the construction work of the several transmission lines and the 
power station at Uzbridge made it apparent early in October* that it 
would be almost impossible to expect any of these additions to become 
available before 1919. The situation was somewhat relieved, how- 
ever, hj the ^ct that these same conditions also delayed the various 
industrial companies from calling for the full amount of the power 
which they had estimated would oe required Before December, 1918. 

7. The maximum load on the New England power system in 1^7 
m9» approximately 68,000 kilowatts. .. It.was^artfcunate^ that the max- 
imum load in 1918 would be very close to 100,000 kilowatts. This was 
never reached, however, due to the fact that the armistice interrupted 
intensive proauction in numerous plants, and afoo because several of 
the additional loads did not come on to the system until early this 
year (1M9). 

8. In August, 1918, Maj. Carroll H. Shaw, Engineers, was ordered 
to Boston as representative of the power section of the War Indus- 
tries Board in the New England district. The^ principal effort in 
this territory was devoted to promoting and assirting tne plans for 
the further extension of the generating capacity of the New England 
Power Co. ; the Cumberland Countv Power 4k Light Co., at Portland, 
Me. ; the Butland Railway, light & Power Co., at Rutland, Yt. ; the 
Hortonia Power Co., at Kutland, Vt. ; and also to making such in- 
vestigations regardmg war- essential projects as were requested by 
the various departments of the War Industries Board at Washington. 

9. The study of the conditions that existed throughout the terri- 
tory made a larm amoimt of general information available, which 
it seemed should be organised and put on record in such a manner 
that it could be made available for the War Department in case of 
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need within the next few ^ears. The conditions in the manufac- 
turing and utility industries in New £ngland, as elsewhere, are 
changing rapidly, and it is doubtful if any data or estimates that 
can be submitted now can be of very great value beyond a period 
of five or six years. 

10. Some of the data that have been used go back as far as 
1869, and are very helpful as indicating the normal trend of develop- 
ment in the manufacturing industries. If the- new data that have 
been prepared serve no better purpose, thev will form a basis upon 
which future studies can be made and will help by iiulicating the 
tendencies of the development of power generation, transmission, and 
utilization. 

DISCUSSION. 

11. In the preparation of this report on the power situation in the 
six New England States it has been assumed that the increase ia 
power requirements during the next five or six years will con^ 
tinoe in the manner indicated by the records of previous yeaans. 
For manufacturing industries the Census Bureau reports are avail- 
able since 1869. For electric li^it and power ana street railway 
companies, Census Bureau reporte.are available for 1907, 1912, and 
1917. Detaikd information has been seeuc^i from all i of the stnet 
railway and electric light and power companies in New Enffludd cov- 
ering their operations during 1916, 1916, 1917, and 1918. AU of this 
information has been tabulated and correlated in such a mannw that 
it has been found practical to make estimates for future conditions 
to cover a period or six years, including 191^1934. These estimates 
have assumed a normal growth of each class of business, as indicated 
by the records of conditions that existed up to and including 1918. 

12. Present records show the additions that are plannea and are 
being made to hydroelectric and steam electric stations of the eko* 
trie ught and power companies for 1919, and rather close estimates 
can be made concerning additions in hydroelectric stations for 1920 
and 1921. A majority of the kydroele^ric develoi>ments can not be 
completed in lees than a year and a half construction period, which 
meaiis that any development undertaken in the spring of .one year 
does not become available as a i»:x>ductive project until the beginning 
of the second following year. In the appendixes attached to this 
report this principle has been followed in mddng estimates of 
expected production from hydroelectric plante. 

13. The annual increase in capacity of steam engines in manuf ac* 
turing plante was smaller during 1909-1914 than during the pre- 
ceding 15 years, and in this same period there has been no increase 
in the installed capacity of water wheels in these manufacturing 
plante. It has been assumed, however, that during the next few 
years there will be some increase in rating of wheels in manufactur- 
ing plante which will be brought about by the recon£;jtruction of 
present installations and the utiuzation of more efficient wheels than 
those now installed. 

14. In making an estimate of the probable totel output of the elec- 
tric li(rh( and power generating stetions for the next five to seven 
years it has been assumed that the present rate of increase will con- 
tinue. This will provide for the growth in load in industries, for 
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the taking over of the less efficient isolated industrial plants by the 
central-station ^Tstems, and for some increase in power for railroads. 
It is apparent that no complete relief from the present price of coaL 
can be secured by the utuiaation of hydroelectric generating sta- 
tions. Assuming the estimates for total output to be reasonably 
accurate, it has been found that the total of undeveloped hydro- 
electric projects that may be expected to be developed during the 
next five to seven years is about 30 per cent of tihie total requirements 
for this period. In other words, 70 per cent of all additional electric 
energy will be produced from steam generating stations. During 
1918 the hydit>eicfctnc stations produced 89.7 per cent of the total 
output of the electric light and power stations. The probable in- 
crease in capacity in hydroeleetrio phmts will in no wise keep pace 
with the increased requirements on these systems. In the following 
pages it will be shown that the matallation of new steam and hydro- 
electric machinery and the construction of additional transmission 
lines, whiie involving tremandcms investment^ will enal^ the local 
distribution systems to Jiave the requisite amount of electric energy 
available tor^ their use at 4^e lowest practicable cost 

15.' The opportunities for conservation in the consumption of coal 
by electric light ajid power steam plants at the nres^it time are not 
large. It wSl be shown that more than half of the kilowatt hours 
produced by such' plants in. New England are generated at a rate 
equal to ot better thui 2 pounds of coal per kilowatt hour, and that 
a large number of the stations generating electric energy at more 
than 2 pouncb of coal per jkilowatt hour are already interconnected 
with high tension transmission systems by which energy is now 
aTailable at tlie'2-pound rate. It seems doubtful if it would be 
economically practicable to conserve more than 170,000 tons of coal 
a year of the 8a&,000 tons that are burned over and above the 2-pound 
rat© (p. 24). 

POWER PRODUCTION. 

16. In obtaining the data that have been used in this report, it was 
found that the vd.rious reports of the Census Bureau on manufactures 
and on electric utilities contained very vi^luable information, and 
this has been used extensively. ' All figures between 1869 and 1914, 
inclusive, that are used are taken fi^om these reports. In the tabu- 
lation of electric energy production by electric light and power sta- 
tions for 1917, there were available not only the figures obtained by 
direct statements from the companies, but also the values as given by 
the census report for 1917. This gave a means of checking results, 
and the census figures were found td be 3.9 per cent lower than the 
total that had been secured from direct returns. This discrepancy 
is undoubtedly caused by a difference in classification of busin:ess. 
For example, the Vermont Marble Co. is not organized as a utility 
company, but since it retails electricity in Proctor. Vt,, and wholesales 
nearly 6,000,000 kilotvatt hours a vear to the Eutland Kailwav, Liight 
& Power Co., it has been classified as an electric light ana power 
company in the direct returns, but was undoubtedly not so classified 
in the preparation of the census report. 

17. The following table indicates the five groupings that were used 
in determining the total amount of energy produced, and the right- 
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hand column indicates the number of systems, companies, or organiza* 
tions reported. Definite returns were available irom practically all 
electric street railways, and for only two of the larger dectric light 
and power ccMnpanies was it necessary to make estimatee for 1018. 



Tablb a. — Ctassification of husinesa. 



r  .  



No. 



1 
2 
8 

4 
5 



Class: 



Bleotrio street railways I... 

Electric light and power 

Bailr o a d a e ieotrMedseetlon 

Steun power plants-^naDnfaistores 

Hyaraulic power plants— manafactares 



\ 



Ntonberof 
systems or 
companies 
repre- 
sented. 



I 



28 
193 

80,000 



Tablb B. — Kiloteatt hours {or equivalent) generated — clasHfied ly huHness. 



BelerenoeNo. 



1. 
2. 
8. 

4. 
5. 



Tot»L 

Aannal per oentinorease. 



1915 



029,763,000. 

1,820^721^800 

10U881,000 

? .46(11000.000 
,490,000,000 



6,021,831,000 



1916 



677,769,000 

1,888(494,000 

8^«90,000 

3,630,008,000 

1,490,000,000 



6,458,968,000 
7.8 



1917 



709,806,000 

1,909,934,000 

87,869;000 

3,560,000,000 

1,490,000,000 



6,747,631,000 
4.5 



1918 



610,964,000 

3,174,809,000 

77,811,000 

3,580,000,000 

1,490,000,000 



6,988,104,000 
%.7 



18. As a direct basis of comparison of energy production, kilowaU 
hours have been used exclusively. Wherever the unit of " horse- 
power hours,'' as generated by water wheels or steam en^es, has 
been converted to ''kilowatt hours," a constant of 0.746 has been used, 
and by means of this comparison'the ab^ve tabulation indicates in 
a comparative manner the total amount of energy that was pro- 
duced by these various groupings of business. The figures for elec- 
tric street railway, electric light and power companies, and electrified 
steam railroads have been determined by direct returns. The values 
for steam power plants and hydraulic power plants for manufactur- 
ing establishments were- obtained from the census of manufactures 
from 1869 to 1914, inclusive. This census did not report the amount 
of energy produced, but ootttained complete data as to the rating of 
the power equipment that was installed in the manufacturing plants. 
Ihis information is tabulated in Appendix No. 6 and is reduced to a 
^aphical form in Plate No. 1. 

19* ' From the corves in the upper section of Plate No. 1 it is seen 
that the total horsepower, of the installed steam engines in manu- 
facturing plants increased continually from 1869, but that the rate 
of increase showed a continual decline until in 1914 the average an- 
nual increase over the preceding five-year period was only 2.6 per 
cent, and indicated that by 1925, if no sooner, the increase would have 
stopped entirely. From this ooncluBion, and by making an assump- 
tion that the steam ellgines were operated on an axmiml utilization 
factor of 20 per cent, it was possible to arrive at the figures contained. 
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under reference No. 4. Similar data concerning water wheels installed 
in industrial plants were available from 1869 to 1914, and are repre- 
sented graphically in the lower section of Plate No. 1. In this case, 
in arriving at the probable annual production of energy by these 
wheels an annual load factor of 30 per cent was used. 
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SX). It should be noted that the total annual production of electric 
street railways decreased 99,000,000 kilowatt hours in 1918 over that 
produced in 1917. 

21. The details of energy production for utilities as anportioned 
between steam and water power are shown in Appendix No« 1. The 
division of the energy output between steam and water power for 
electric light and power companies is given in Appendix No. 2. In 
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order to show the relative amounts of energy that were produced 
by steam and by water power, the figures that were utilized in the 
preparation of Table B nave been regrouped, and in the following 
table this division is given. 

Table C. — KUowatt hours (or eqtUvalent) generated — Clasiified by sources. 



Souroe. 



Wfttarpoirer 

InttnuDooaibastioD engine . 



Totel. 



1915 



3,083,204,000 

3,008,700,000 

827,000 



6,021,821,000 



1010 



4,100^610,000 

3,383,365,000 

1,078,000 



6, 468, 008,000 



1017 



4,480,347,000 

3,808,106,000 

178,000 



6,747,621,000 



1918 



4,568,847,000 

8,864,046,000 

312,000 



6,083,104,000 




V ^9 
VCAR8 I»07-I«t4 
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S2. It will be seen that while the amount of energy produced by 
water power has increased less than SOO^OOOjOOO kilowatt hours during 
the past three years, the amount of ener^ produced by steam has 
increased more than 600,000,000 kilowatt hours. The item of in- 
ternal-combustion engines refers to electric light and power stations 
only, and is given here so that the totals of xable B and Table C 
may check, and also to indicate the relatively insignificant amount 
of energy so produced. 

23. By utilizing the census reports on electric light and power 
plants for 1907, 1912, and 1917, in conjimction with the reports for 
1915, 1916, 1917, and 1918 that were obtained in this office, it has been 
possible to determine the normal increment in the output of the 
electric light and power stations during this period. With this inf or- 
matiofi, it has been foufid- practicable to estimate, by means of a 
giiaphical representation of tne figures, the total amount of electrical 
erieriry that may be expected to be irenerated in the electric light and 
powff stations during the foUowilig six years. This is shown in 
l^late No. 2, and in detkil in Appendix No. 7-A. By means of the 
classification of energy 'production as between hydroelectric and 
steam electric, as contaiiied in the direct returns, it is possible to 
indicate the relation between the two sources of energy production 
for 1915 to 1918 inclusive. 

24. Information is also available indicating the probable addi- 
tional installations of hydroelectric and steam efectric units in electric 
light and power stations for the next two or three years. From this 
it has been possible to estimate the amount of hydroelectric energy 
that can be expected during each of these years. By deducting tne 
expected production of hydroelectric energy from the expected total 
output ot electric light and power stations, the amount of steam- 
generated energy that will be required has been determined. 

25. In 1918 the utilization factor of the steam-generating capacity 
of electric light and power stations was 20.7 per cent. It is assumed 
that, with the increasing interconnection of large stations through 
electric transmission and distributioti systems, this utilization factor 
will increase, and that by 1922 it will be approximately 23 per cent. 
This makes it possible to estimate the total additional capacity in 
steam turbines that will be required, in conjunction with hydroelectric 
units, to produce the total energy as indicated on Plate No. 2. 

26. During 1919 there will probably be added 138,500 kilowatts to 
the steam-generating capacity in electric light and power stations. 
The schedule of these additions is shown in Appndix No. 8, 
which also indicate the projected increase in capacity m hydroelectric 
stations during 1919 to 1922 inclusive. 

27. The generating capacity of the installed equipment in the 
various classes of business for 1915, 1916, 1917, and 1918 is given in 
the following table. For the purpose of comparison, the horsepower 
ratings of steam power plants and hydraulic DOwer plants have been 
(converted to kilowatts. 
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Tabub D. — Installed generating capacity, JcUowatta (or equivalent rating) 

daasifled by 'business. 



Business. 



Kleetrtc street railwAvs 

ElecttiolU^tandDOSFer ,. 

RftUroads— electrtfled section 

Steam pcfwer plaats-^n&naCBctaring 
Hydraulic power— xaaxKi/lBcturing . . . 

TotelkUtwmtts 



1915 



1345,000 

1780,000 

85,000 

1 1,420,000 

V567,000 



1916 



8)897,000 



1867,000 
1620,000 
35,000 
1,440,000 
1567,000 



^319,000 



1917 



357,000 

918,000 

35,000 

11.460,000 

1567,000 



8,387,000 



1918 



357,000 

1 1,050,000 

35,000 

1 1,470,000 

1567,000 



8,479,000 



i^Bstimated. 



28. In order to indicate the increase in capacity of all classes of 
power generating eqaipment, the following table has been prepared, 
giving the horsepower rating of the equipment installed and classified 
as to steam, hydro, and internal combustion. This grouping of 
capacity is arranged in a similar manner to the grouping of kilowatt 
hours output, the summary of which was indicated in Appendix No, 8. 
It should be noted that accurate fibres are available in 1917 and 
1918 for the more important classes m this table, with the exception 
of the data relating to manufactuite. The last analysis of manu- 
factures now available was dated 1914, so that the estimates for 1915 
and 1918, inclusive, were obtained by projeicting the values up to and 
including 1914. 

Table B. — Horsepower rating — Classified "by sources. 



Source. 



Stnm: 

3treet railways 

Electric Ught and power. 

Railroads 

Mannibetures 

Hydro: 

Street railways 

Electric light and power. 

ICanutectnres 

Internal combustion: 

Electric Ught tod pow« :\ 

Manalbctares.., 



Total horsepower; 



ins 



1016 



1449,000 

1705,000 

50,000 

1 1,900,000 

45,000 
« 304,000 
1758,000 

16,000 
1 £0,000 



1466,000 

1844,000 

50,000 

1 1,980,000 

45,000 
1 317,000 
1758,000 

18,000 
155,000 



.4,327,000 I 4,473,000 



»♦■** 



1917 



466,000 

933,000 

50,000 

1 1,955,000 

45,000 

344,000 

1758,000 

10,000 
160,000 



4,611^000 



1918 



466,000 

1,626,500 

50,000 

1 1,975,000 

45,000 

432,000 

1768,000 

110,000 
160,000 



4^820,500 



1 Estimated. 



29. In making the estimates as to energy production in manu- 
facturing plants as has already been noted, it has been necessary to 
make some assumption as to the probable utilization of the installed, 
equipment. In order to indicate the basis upon which these esti- 
mates were made, the following table has been prepared showing the 
values that were available for 1917 and 1918, together with the esti- 
mates that had to be made where no accurate information could be 
procured. In determining upon 20^ per cent as the utilization factor 
for steam-engine and turbine stations in manufacturing establish- 
ments, it is believed that the output of these units is in general very 
nearly equivalent to that of electric steam stations per linit of in- 
stalled capacity. While the average load of the ordinary stoam 
engine in an indvistrial plant may not be as uniform or may not be 
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equal to the total capacity of the machine to the extent that occurs 
frequently in electric light and power stations, it is also a fact that 
these isolated steam plants do not maintain or have available the 
reserve equipment that is ordinarily found in the utilitv plant. It 
has been assumed, therefore, that these factors offset each other to a 
considerable extent, and since the utilization factors for 1917 and 
1918 give an average value of approximately 20 per cent, and since 
1918 is higher than would normal! jr be the case if the companies, had 
been able to secure all of the capacity that they would have liked to 
have had as reserve, the estimate of 20 per cent is undoubtedly 
reasonable. 

30. For hydraulic-power plants in manufacturing establishments^ 
the utilization is considerably higher than for steam stations. A 
large amount of hvdraulic power is used in such processes as '^ grind- 
ing ^' in paper mills, where the production continues for 24 hours a 
day every day in the week, and this factor is of so much importance 
that it is thought probable that the utilization of the water- wheel 
equipment in these stations will approach very nearly to that of the 
hydroelectric stations. Accurate data have been obtained from one 
of the larger paper mills indicating that the annual utilization fac- 
tor of hyc&autic equipment in one plant exceeds 91 per cent. 

Table V.—UtUisation of equipment—TabulaUon of utilization factors. 



steam engine and turbine stations: 
Street railways. 



Etootrlo light and Mwer . 
- ~ strilked... 



RailroadB -elect 

Manriactow all aasiuned . 
Hydraulio pofwer stationB: 
• Street m1w»ys.. , 

Fleotric light and power . . . 

MannfiactureB— all assumed . 
Internat-coittbttstiAn statiens . . . 



1917 



M.4 
1«l5 
38.7 



43.1 
S8.3 



(0 



1918 



31.0 
31.9 
2S.4 



41.3 
33.6 



1 Unimportant. 



31. After haying estimated the future production in electric light 
and power stations^ it is posribte to make an estimate of the prob- 
able generating capacity that will be installed during 1919 through 
1924, inclusive. In the following tabulation these estimates are 
given in units of 1,000 horsepower. It is probable that but little 
additional steam equipment will be put in by street railways in the 
immediate future, with the exception possibly of the new 25,000- 
kilowatt turbine that is to be installed by the Boston Elevated Rail- 
way Co. during 1919, and as it is very likely that an equal amount 
of obsolete generating equipment now carried on the records as 
installed capacity will be abandoned^ it is assumed there will be no 
increase beyond 1919. The increase in the steam-turbine equipment 
for electric light and power stations has already been discus^, as 
has also the hydroelectric equipment for electric light and power 
stations. The principal electritied steam railroads are the Hoosie 
Tunnel section of the Boston & Albany Railroad and the division 
of the New York. New Haven & Hartford Railroad between New 
Haven, Conn., ana New York City. The latter is now adding to its 
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generating equipment to provide for an increase in electric operation 
and to replace less efficient apparatus. The rate of coal consumption 
now exceeds 8 pounds of coal per kilowatt hour, and a portion (34 
Der cent in 19i8) of the reouirements is purchased from the New 
York Edison Co. under a ratner high load factor, so that the result- 
ing operating efficiency of the company^s station is s<Mnewhat low. 
Other steam railroad electrifications may be undertaken within the 
next five years. ^ The increases in the water-wheel capacity of manu- 
facturing establishments have been assumed to be only the little that 
might be expected by the replacement of old, low-efficiency wheels 
by a modem, high-efficiency eauipment. Apparently the electric 
light and power utility is the only class that is growing appreciably 
at the present time. The inherent advantages of electric power and 
the great economies of modem superpower stations indicate the 
probability that energy production will bec(Hne more and more a 
specializea industry, not necessarily financially interrelated with the 
power transmission and distribution companies. 

32. One of the most important factors m the production of steam- 
electric energy is the supply and utilization of coal. The United 
States Fuel Administration has estimated that during 1917 the 
total receipts of bituminous coal in New England were 26,300,000 
net tons, of which 7,800,000 net tons were chargeable against steam 
railway operation. Of the remaining 18,600,000 tons, it has been 
estimated that the industrial manufacturing establii^ments took 
13,500,000 tons. In their estimate of the consumption of the electric 
light and power plants in New England for 1917, they placed the 
total as 2,360,000 tons. A careful analysis, however, oi the returns 
that have been received directly from tne various electric light and 
power plants puts the total consumption in 1918 at approximately 
1,610,000 tons. Accurate records indicate that 1,606,^6 tons were 
utilized in the electric light andpower stations in 1918 to produce 
1^83,154/X)0 kilowatt hours. This leaves a net balance of only 
28,827,000 kilowatt hours unaccounted for in the total of steam 
gen^ated electric energy. 

33. A careful study has been made of the coal consumption of each 
of the steam stations in the electric light and power class. It was 
found that 686,000,000 kilowatt hours were generated by 685,000 
net tons of coal, which means that this amount of energy was pro- 
duced at an average rate of 2 pounds per kilowatt hour. The records 
of the various steam stations were tabulated in the order of their 
coal consumption, and by taking the cumulative total of energy pro- 
duction and coal consumption the data used in preparing the curves 
on Plate No. 3 were obtained. The dash line indicates the amount 
of coal that would have been required if it had all been burned at 
the rate of 2 pounds per kilowatt hour. The lower curve indicates 
the difference oetween the 2-pound rate and the actual consumption, 
and dliows that a maximum use of SSiifiOO tons occHrred. ow 4iiid 
above this 2-pound rate in producing all of the electric light and 
power above the first 686,000,000 kilowatt hours during 1918. 

34. A. considerable portion of the coal that was burned above the 
2-pound rate was used in steam-electric stations already having oon- 
necticm wi^ the larip;e transmigsion qrstems in this territory that 
were fed at other points by the more efficient steam plants, and for 
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this reason the utilization of this coal under these conditions may 
be looked upon as emergency or peak load consuioptlon only. 

35. xV tabulation has been made (Appendix No. 10) in wl^ch is 
listed all of those power companies to whom 2 pounds per kilowatt 
hour steam energy was not available in any form over existing trans- 




fC.W H«^> MiMdrwfi Vf Mltliont; 



* • 



• i « 



• I 



imssion lined. Th^se plaiifd &t^ shown with 'their 1918 rate of con- 
sumption, and the estimated possible coal ra!te at which energj 
should be gen^rat^'for delireiy to them frWn mbH efficient steam 
dtatidns id ^iven. From this, estimate w«3 made of the possible sav- 
ing' in elich df these plaiits: and the tptid of '214,600 tons obtained. 
The'cdrnpttiiy liavi&g the second targ^ coal conisumption on this 
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list must be eliminated in makin|; estimates of future conditions since 
the present coal consumption will be practically canceled after 1919 
by uie substitution of hydroelectric energy thiat is to be produced 
bv a new station now in process of construction. Omitting this sta* 
tion, the largest single possible saving in one station amounts to 
only 14^00 tons, and the average for the 38 stations listed, exclud- 
ins: the one mentioned above, is 5,250 tons a year, or an aggregate 
of^l92,800 tons. 

36. In considering the possibilities of fuel conservation in central 
stations there are several matlecs that must be considered in conjunct 
tion with the possibility of reduction in the coal rate. Uniform and 
satisfactory electric service, especially for lighting and domestic 
use, requires that anv possibility of interruption shall be avoided. 
Most of the electric li^^iit and iK)wer companies are more insistent 
upon the giving of reliable service than that their production costs 
shall be a minimum, and for this reason it will not be practical or 
desirable to expect an entire abandonment of the local steam stations 
in favor of energy produced by superpower stations entirely. The 
distribution systems in practically all oi the cities are of such a char- 
acter that it is impoi&sible to separate the domestic consumer from 
the large power user, and in attempting to insure continuous service 
to the domestic consumers it is practically necessary to insure the 
same service and provide adequate capacity therefor to the large 
power users. 

37. It is very probable that a large number of the individual public 
utiHty /steam stations as noted in Ai>pendia: No; 10 could be closed 
down and energy purchased from neighboring higher efficiency sta- 
tions without any attendant loss in relmbility of service; This would 
be particularly true with those ' cities that are adjacent to lutve 
steam-generating stations, such^ as Boston, when^ the service M^mild be 
obtained throufp ixnderground xsondnctors that would not be subject 
to the interruptions of overheaxl transmission lines^ >* 

38. The obvioQs conclusion from a carfeui'studTto-f the detailed 
coal data is that while there are miuiy central stations operating 
at very poor economy, a very large per cent ^f .the steam-^generated 
energy- is not prodvcea with any material wast&oficoak : > ^' - 

39. One of the^greatestopportunitieB•for fuel ^onserv'ation^ aside 
from Oxe direct substitution oi hydro for steam-power, is*' in the taking 
over by the central supply systmi of the less emcieist of the? isriatea 
induBtrial steam plants. As indicated abo^ld^500*,00ft tons of oodl 
were consumed by industrial -manufftcturiiig establishments in -1917 

(p. 179). Part of this was used fbr industrial proeesseB and for heat- 
ings, and figures are not available upon theso items; individually^ bnt 
imdoubtedfy more thatione^ialf of the total was •consunted for powder 
production. It is estimated that 2^00,000,000 kilowatt hours <.p3 177*) 
was generated by these mitnii&otiirii}^ plants which: would havie ^ 
quired approxhnately 2,000,000 tons of coal if the 'porwer had beeb 
supplied &om a central imipply s;|rstem, against possibly 7,000^000 tons 
actualh^insed i(sc power genertffcion. 

40. The opportunities for fuel conservation by electrification jof 
steam railroaas would offer tremendous possibilities. Adopting the 
estimate of the Fuel Administration that the coal consumption in 
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New England by the steam railroads in 1917 was 7,800,000 net tons, 
and assuming toat by electrification of trunk lines 5,000,000 tons 
could be displaced, it is probable that a net saving of 3,000,000 tons 
could be made by electrincation. This is possible on the assumption 
that electric energy could be delivered to the electric locomotives at 
a net coal consumption rate of 2 pounds per kilowatt hour, and that 
the saving of the present locomotive consumption would oe 60 per 
cent. 

41. The records of the New York, New Haven & Hartford Railroad 
indicate that at 2 pounds per kilowatt hour the savins for their 
express passenger service would be 59 per cent, for local passenger 
service 76 per cent, for fast-freight service 68 per cent, and for slow- 
freiffht service 58 per cent. While their station is not now operated 
at tne 2-pound rate, it is proper to estimate that any future elec- 
trification will be supplied from superpower stations operating at 
considerably below 2 pounda^ per kilowatt hour, so that in lUMng the 
figure of 2 pounds full account has been taken of the transmission 
and distribution losses. 

FUTURE DBVBLOPMBNTS. 

42. An estimate of the future developments in the power industry 
in New England is in effect an estimate of the future developments 
of the electric light and power stations. Plate No. 2 shows what 
may be expected in this aireetion and indicates that a tremendous 
expansion will be necessary in the electric light and power generating 
stations. 

48. The cost of con8tructk>n and the investment that will be neces- 
sary to provide for these developments must be ^ven consideration. 
The cost of ccmstructi<m of hydroelectric plants is greatly in excess 
of the cost of steam dectric stations ; and as the more available loca- 
tions for hydroelectric plants become developed, the cost of the 
necessarv transmission lines makes the inveetmraits increasingly 
greater before the energy generated by tiiem can he atilized* 

4Ai The foUervvili^'taote* has been' tnrepared, based upon the esti- 
mates contained in Appendix No. 6-C, to indicate the probable net 
investment that will be required to provide for these additional 
capacities. During the pericKl |ust preceding the war it was possible 
to construct large steam electric power stations at from $60 to $70 
per Ulowatt, but during the period of the war this cost increased 
in one case of record to $126 per kilowatt In the following tabula- 
tion the investment is ^own for tiie year preceding that m which 
it will become productive, and is, therefore, given for five years 
GOily, since the investment made in 198S would be accounted for as 
additional installed capacity in 1924. It is estimated that hydro- 
electric developments will cost between $200 and $800 per kilowatt. 
It jaaseiuttaJ tfaat^the averaj^B A>r 19ia will be $260 and thereafter 
$260 a kilowatt. For steam electric stations it is estimated that the 
cost will be $110 per kilowatt in 1919 and $100 per kilowatt there- 
after. 
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Tabub I. 



Year in which in> 
vostukBut i$.]|iado. 



1919 
1920 
1921 
198S 
1923 



Hydroelectrio. 



Bteamtufbine.i 



14N» 

Idlo- 

watte. 



37 
67 
40 
88 
42 



214 



Cott 
per 
kilo- 
watt. 



1200 
250 
2S0 
210 
260 



252 



Investment, 



10,020,000 
14,250,000 
10,000,000 
9,500^000 
10,600,000 



53,870,000 



1,000 
kilo- 
watts. 



144 
100 
150 
300 
340 



1,084 



Cost 
per 
kilo- 
watt. 



$110 
100 
100 
100 
100 



101 



Investment. 



Total Increase. 



1.000 

kflo- 

wat«i» 



315,840,000 
10,000,000 
15,000,000 
30,000,000 
34,000,000 



181 
157 
190 
838 
382 



194,840,000 1,248 



Cost 

per 

kUo- 

watt. 



314a 
154 
132 
117 

lie 



128 



Total 
Investment 



135,400,000 
24,260,000 
25,000,000 
19,500,000 
44,500,000 



158, no, 000 



t The above estimate does not include the cost of transmission Unra or scbstations. 

45. A study of the abore table indicates that nearly $11,000,000 a 
year will be absorbed by the construction of hydroelectric plants, and 
that more than $20,000,000 per year will be required by steam stations. 

46. For the hydroelectric developments the estimate does not neces* 
sarily include all of the transmission lines that will be required in 
some cases. If it becomes practicable to develop the few remaining 
large hydroelectric possibilities in the State of Maine, a transmission 
line of approximately 250 miles in length will be required before this 
energy can be delivered in any considerable quantities to the systems 
where it can be profitably utilized. The amount of this inv^tment 
and its feasibility will be determined entirely by the market value of 
the energy that will be produced and by the cost of production at the 
plant, if this cost is so low that by the addition of the fixed charges 
and maintenance costs of the transmission line the total does not ex- 
ceed the cost of a similar amount of energy produced by steam stations 
located at tidewater, and comparatively near the point of utilization, 
then these developments may be undertaken. At present the laws oi 
the State of Maine prohibit the exportation of electric energy from 
that State (Revised Statutes, State of Maine, 1916, p. 985, ch. 60) and 
it is improbable that any large imdertakins of this character would 
be considered while the attitude of the public is antagonistic to such 
a project, even though there might be round such tedinical fl«ws or 
means of exportation as to nullify the letter of the act. 

47. An estimate has been made, details of which are included in 
Appendix No. 11, listing the undeveloped hydroelectrio projects in 
New England that appear to be feasible ; that is, that appear to offer 
either now or in the near future such opportunities for development 
as to make them financially profitable. The total of the additional 
kilowatts that will be available from these sources is 823,000, in 
addition to 30,000 kilowatts being installed in 1919 (Appendix 8-B), 
and it is estimated that these developments vrill produce 1,378,000,000 
kUowatt hours annually plus 118,000,000 kilowatt hours produced 
by the 1919 developments (Appendix 7-B). The hydroelectric in- 
stallations under consideration tor development during the next five 
to seven years should have a total capacity of 284,000 Mlowatts (Ap- 
pendix 5-C), while the developments which appear commercially 
practicable at an early date have a capacity of 868,000 kilowatts as 
mdicated above. Tjie projected developments should produce 

7108—21 ^18 
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863,000,000 kilowatt hours annually (Appendix 7-B) and the com- 
mercially practicable deyelopments 1,496,000,000 kilowatt hours. 
This output could probably be increased by the development of 
additional storage reservoirs at the headwaters of the various rivers 
where the hydroelectric developments are to be located, but would 
be obtained only bv an additional investment not contemplated in 
the estimates in Table I. 

48. In Appendix No. 12 an attempt has been made to set forth the 
maximum possible hydroelectric development that can be made, 
regardless of the profitablenesB of the undertaking, lliese values 
have been taken from the special conservation and water-power re- 
ports of the States of Maine, New Hampshire, and Commonwealth 
of Massachusetts, from the conservation report of the State of 
Vermont, and from careful studies of each individual river develop- 
ment as contained ia those and other available rej^rts. The net dif- 
ference between what is listed as feasible projects m Appendix No. 11 
and the ultimate development in Appendix No. 12 amounts to 300,000 
kilowatts and 700,000,000 kilowatt nours. It is very probable that 
there are included in the maximum possible developments some 
projects not included in thB list of feasible developments, but the 
comparison indicates very pointedly that but little hydroelectric 
development can be expected after the completion of the stations that 
are induded in Appendix No. 11. 

49. What this means to the future development of New England 
as an industrial territory is this : that, except for this relatively 
small available increase* in hydroelectric energy, the future in- 
creases must come from large steam-power stations. It has always 
been publicly assumed that the undeveloped water-power resources 
of this territory were practically imlimited, and that if properly de- 
veloped and controlled they would be able to supplant all ox the 
steam-electric stations that are now in existence. That this is far 
from the case is apparent by considering that the total classed as 
feasible hydroelectric developments, viz, 823,000 kilowatts, would be 
insufficient to provide for the increased total capacity that will be 
required during any two years between 1919 and 1922, and will be 
less than the estimated requirements for either 1923 or 1924. 

50. If the ^owth in the public utility load continues at the present 
rate, which is approximately 15 per cent, further extensions of the 
high-tension transmission sjrstem between the large power stations 
and the manufacturing districts must be accomplished. At the pres- 
ent time there are but five steam generating stations that may be listed 
at 2 pounds per kilowatt hour units. The new station of the Turners 
Falls Power & Electric Co. at Chicopee and of the Shore Line Elec- 
tric Railway below Norwich will undoubtedly be able to produce 
energy at uie 2-pound rate under reasonable load factors. The 
station located at New Bedford is modem in every respect, and has 
possibilities tor future development that are almost unlimited. The 
location of the station of the Narragansett Electric Lifting Co. 
at Providence is not entirely satisfactory^ and limits the develop* 
ment of that station by the lack of suitable condensing water. The 
Bridgewater station of the Brockton Edison Co. shomd not be in- 
creased, although its present operating efficiency is relatively high. 
The station of the the Edison ESlectric Illuminating Co., of Boston, 
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is suitably located for large future developments. The station 
at Salem has operated at a rate of 2.01 pounds per kilowatt hour dur- 
ing 1918, and is classified as one of the efficient producing stations. 

51. A study of the reports of the various companies in the western 
half of Connecticut indicates that a modem superpower station should 
be developed in that territory. Assuming a possible location inter- 
mediate between Bridgeport and New Il^ven, it is probable that a 
development of nearly 300,000 kilowatts will be required by 1924 if 
the addHional increase in steam-electric energy that has been as- 
sumed occurs. A similar development of 800,0^ kilowatts should her 
made along the northeastern shore of Massachusetts or in New 
Hampshire, possibly at Salem, Newburyport, or Portsmouth. 

52. The total estimated additions in steam-electric stations as indi- 
cated in Appendix No. 5-C is 1,172,000 kilowatts. An increase of 
60,000 kilowatts over and above the present contemplated additions 
at Boston, QOfiOO addition at Providence, 75,000 at New Bedford, 
70,000 at Norwich, and 76,000 at Chicopee would provide, together 
with the two new stations mentioned above, approximately 1,000,000 
kilowatts, and these additions are approximately in those territories 
where a tremendous increase in electric energy consumption can be 
anticipated. 

53. The increased capacity from the hydroelectric stations will 
become available in western Massachusetts, southern Vermont, and 
southern New Hampshire, and possibly in central Maine. The trans- 
mission lines that will be required to make the energy from these 
stations available will, with the exception of the Maine development, 
be entirely practicable. The present interconnected systems of tibe 
New England Power Co. and the Turners Falls Power & Electric 
Co. are very extensive. If the hydroelectric project at Windsor 
Locks were developed, a large capacity transmission line between 
Springfield, Mass., and Hartford, Conn., would be desirable. The 
erection of a large steam generating station adjacent to New Haven 
would call for the construction of extensive transmission lines to 
Bridgeport, Derby, Meriden, and thence to Waterbury and Hart- 
ford. The present transmission line of the New York, New Haven 
& Hartford Kailroad between New York and New Haven is 25 
cvcles, and would probably not be interconnected electrically with 
tne new svstem. It is probable that it would be found desirable to 
increase the capacity of the transmission lines extending frdm Ware 
through Palmer and Stafford Springs to Norwich, and an inter- 
connection between Hartford and Stafford Springs would probablv 
become desirable. If the New York. New Haven & Hartford Rail- 
road should extend its electrification oejrond New Haven, a transmis- 
sion line from the new New Haven station connecting with the Nor- 
wich plant and thence to Providence would be necessary in order to 
provide energy for the use of the railroad. The estimate for the 
Tuture station capacity has not contemplated providing for this load, 
but the location of the plants would be ideal for this development. 
An extension of the line now in operation between Providence and 
Fall Biver on to New Bedford ana the connection of the New Bed- 
ford plant with the Bridgewater station, possibly through Taimton 
or Middleboro, would make it possible to take advantage of the full 
generating capacity of the New Bedford station with its compara- 
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tively low coal consumption per kilowatt hour. If the sugj 

Slaii of converting the transmission system of the Bay State Street 
l^ailway Co., extending from Quincj to Fall Biver, could be accom- 
plished, it would add an important Ime between Taunton and Quincy, 
and if connected with the jBoston Edison station would give unlim- 
ited capacity for growth in this territory. A map of the district 
showing the distribution system is attached. 

64. The projected extension of the connection between the New 
England Power Co. and the Boston Edison Co., via Dedham, will 

Erobably be completed during 1919. The electrical development of 
owell, Liawrence, and Haverhill will require a tremendous ezpanfoion 
in electric generating equipment whicn will probably be accom- 
panied by a connection between these cities and the new or enlarged 
superpower station located at either Salem, Newburyport, or Ports- 
mouth, and with the system of the New England Power Uo. 

55. The construction of these transmission lines will probably take 
place as the business of the several comi>anie8 increases, in a normal 
manner. The backbone of this distribution system now exists in the 
form of the transmission lines of the New England Power Co. and 
the Turners Falls Power & Electric Co. With the ultimate comple- 
tion of this system, as outlined, it will make available for everv manu- 
facturing community in New England a reliable supply of energy 
that can be produced in modem efficient generating fixations, eidier 
by hydroelectric or steam-electric equipment as the case may re- 
quire. 

56. It is probable that several comparatively inefficient steam sta- 
tions will be kept ready for operation for the double purpose of 
maintaining the proper voltage regulation at the larger oistnbuting 
centers and as insurance of the continuity of service. 

57. With the development of this tremendous interconnected sys- 
tem very serious problems of system control and operation will have 
to be met. It is possible that the entire operation under normal con* 
ditions will have to be sectionalized, since the interconnection of a 
million to two million kilowatts into one system would undoubtedly 
offer such tremendous obstacles in the operation of the system under 
short-circuit conditions in case of line troubles that the cost of the 
equipment to handle these situations would be all out of proportion 
to the accompanying gains, but if the connections exiidm and were 
in regular operating condition, they would offer means for the 
localization of such troubles as mignt occur without the complete 
interruption of service to any one commimity. 

58. The generation of such tremendous quantities of electrical 
energy from steam stations will mean the consumption of much 
larger quantities of fuel than has heretofore been contemplated. The 
increasmg use of fuel oil in the operation of steam stations has be- 
come of considerable interest to the utility operators recently, and 
will undoubtedly become a very important factor in the construction 
and operation of steam stations. The possibilities of storage of oil 
without attendant depreciation and of the facility with whi(£ it may 
be handled make it particularly desirable for steam stations that may 
be operated only as reserve units. 

59. The entire discussion of the power situation hinges upon what 
has been assumed as the future growth of the electric industry. 
Studies of the development of the electric light and power business 
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in individual cases indicate that the assumed increase as shown on 
Plate No. 2 is reasonable. If the total as indicated is not attained as 
rapidly as has been assumed, the increase, nevertheless, will be enor- 
mous, and will require an investment much larger in amount than 
has ever been contemplated in the past in the development of the 
electric industry. In making comparisons of the annual averas^e in- 
crease in ener^ productionT it should be borne in mind that with 
the very recent extensive adoption of electric drive in the larger 
manufacturing plants, there has resulted a very noticeable decrease 
both in the total installed capacity and energy production as de- 
termined thereby. This is accounted for, not by tne fact that there 
has probably been a decided falling off in the normal increase in 
business, but that utility companies are carrying more of their load 
and that the more efficient utilization of electric generating units as 
prime movers and the greater efficiency of the electric motor drive in 
miUs has resulted in a temporary reduction of the normal increase of 
generating capacity that would have been required had mechanical 
drive been resorted to as heretofore. 

CONCLUSIONS. 

60. Except for slight increases in large isolated indu^rial plants, 
practically no increase in generating capacity may be expected in 
the future except for electric light and power companies. The ef- 
ficiency of the superpower station in the generation of electric energy 
indicates clearly thalt this method of power production must prevail 
over former methods. The recent falling off in the growth of isolated 
plant power production indicates that the isolated plant is no longer 
to be the principal source of power for manufacturing industries. 

61. Electric energy produced in modern, efficient generaiting sta- 
tions, operated both by steam and by water power, delivering their 
products to high-tension electric transmission systems, and inter- 
connected in such a manner that there exist numerous reliable power 
sources, apparently is to become the universal medium for manu- 
facturing purposes. 

62. The unaeveloped hydroelectric resources of New England are 
extremely limited, and probably do not exceed 650,000 kilowatts, 
whereas the estimated increased generating capacity that will be re- 
quired during the next five to seven years exceeds 1,400,000 kilowatts, 
and it is probable that it will not be commercially profitable to de- 
velop more than 350,000 kilowatts of the undeveloped 650,000 men- 
tioned above. It is apparent, therefore, that by far tne greater portion 
of the additions to generating capacity thart: will be required in this 
territory must be secured by the construction of steam-electric stations. 

63. Tne investment that will be required to provide this additional 
generating equipment and the attendant transmission and distribu- 
tion lines will be very large. There still remains a comparatively 
large number of small systems that should abandon their generating 
stations and secure their electric energy through the high-tension 
transmission lines that are connected to the most efficient generating 
stations. 

64. The resources of any one community, district, or State should 
not be restricted for the use of the local inhabitants only. Laws 
iesigned to retain within the boundaries of any political unit the 
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energy that may be produced by hydroelectric stations located on its 
rivers can have no greater justificaltion than would exist if another 
State should forbid the exportation of coal or oil or any other 
natural product that might be found within its boundaries. 

65. New England with its six States of relatively small area, but 
with dense population, must be treated as one unit in the construction 
of power-generating stations and the transmission and distribution 
of electric energy. There is no surplus water power available for 
exportation beyond the confines of its territory, and it is probably 
that within the next decade it may be found advisable to import from 
Canada large quantities of energy generated on the St. liawrence 
River and its tributaries. 

Cabboll H. Shaw, 
Major, Engineers, United States Army. 

Boston, Mass., April 21 j 1919. 
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Affbndix C-1. 
fubuc unutobs-suiaiart of blbgtbic bnsbot pboduction. 



Snminary 
No. 



ClasHflcatian. 



ClftM. 



1. Street railway, steam (calendar year). 

2. Street railway, hydro (calendar year). 

3. Light and power, steam (calendar year). 

4. Light and power, intemal-combnstion (calendar year). 

5. Light and power, hydro (calendar year). 

6. Light and power, unseparated (calendar year). 

7. Light and power, steam (fiscal year). 

8. Light and power, hydro (fiscal year). 

9. Light and power, unseparated (fiscal year). 

£>-l. Light and power, steam (calendar year) (estimated). 
ir-2. Light and power, hydro (calendar year) (estimated). 
E^-S. Light and power, unseparated (calendar year) (estimated) 
E-A. Light and power, steam (fiscal year) (estimated). 
E-5. Light and power, hydro (fiscal year) (estimated). 
E-6. Light and power, unseparated (fiscal year) (estimated). 

Energy production — KUoicaii hour9. 



1 

2 

8 

4 

5 

« 

7 

8 

9 

E-1 

E-2 

E-3 

E-l 

B-* 

&-6 

ToUli 



1015 



018,763,407 

10,999,289 

688,876,963 

827,189 

491,240,622 

2,304,510 

19,775,446 

5,037,815 

67,973,006 

2,587,175 

40,957,525 

505,000 

16,600 

660,900 

375,000 



1,960,490,449 



1916 



665,867,360 

11,901,760 

828,556,234 

1,078,178 

673,356,298 

80,145,547 

15,691,779 

7,786,206 



3,339,435 

22,039,504 

54,425,000 

10,800 

806,700 

400,000 



2,363,263,707 



1917 



698,087,395 

11,780,807 

1,074,968,166 

177,820 

774,710,418 

3,698,516 

19,304,184 

8,541,202 



6,755,600 

19,840,176 

1,212,000 

22,746 

773,374 

425,000 



2,619,732,894 



1918 



599,555,280 

11,428,833 

1,286,382,482 

212,000 

837,915,351 

3,410,554 

21,796,544 

7,811,852 



1,536,800 

13,769,718 

1,140,000 

28,000 

1,850,500 

450,000 



2,785,203,878 



> KUowAtt houn generated Yfj street railwa3rs and electric light and power stations. 

Affbndix C-2. 

kukttbic uqbt and fowbb btationa-blbctbic bnbbgt pboduction. 

A. Steam stationa— 1,000 kilowatt hours. 



Total electric light and power generation i . 
Total of internal-combustion engines 



Hydroelectrie kilowatt hoars (Appendix Xo. 2) . 

Steam, kQowatt hours 

Increase in kilowatt hours 

Annual per cent increase 



1915 



1,320,728 
837 



1,319,901 
567,701 



752,300 



1916 



1,685,494 
1,078 



1,684,416 
760,363 



934,053 

171,800 

23.8 



1917 



1,909,924 
178 



1,900,746 
806,415 



1,103,331 

170,278 

10.4 



1018 



2,174,300 
313 



3,174,007 
863,616 



1,311,481 

306.150 

18.0 



1 Does not include eleotrio street railways or riectrifled steam railroad generating stations. 
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B, Hydroelectric stations — 1,000 kilowatt hours. 



Reference to summary. 


• 1915 


1916 


1917 


1018 


5 


491,240 

1,304 

5,088 

28,000 

40,968 

300 

061 

200 


073,856 

33,000 

7,736 


774,711 
2,000 
8,541 


837, 915 
1,410 





8 


7,311 







E-2 


22,040 

23,225 

806 

200 


19,340 
800 
773 
250 


13,770 
GOO 


E-4J 


E-5 


1,3«0 
2S0 


E-e 






Total 


667,701 


760, 8C3 


806,415 


862,616 



Extract Drom Appendix No. 1. 



Apfekdix C-^. 



PUBUC UTIUTIB8 AND KANUFACTUBB8 BMEBGT PRODUCTION. 



A. Steam stations {1^000 kOawatt hours or equivalent) 



Soiiro6« 



Street nilways 
Steam eieotnc. 

UtOities 

Rallroada 

Indtistrialt 

TotaL.... 



1016 



618,768 
752,200 



1,370,963 

101,331 

2,480,000 



8,982,294 



1916 



665,867 
994,063 



1,689,920 

86,600 

3,500,000 



4,195,010 



1017 



098,027 
1,108,831 



1,801,368 

87,880 

2,560,000 



4,439,347 



1018 



600,66» 
1,311,481 



1,911,036 

77^811 

3,680,000 



4,668,847 



B. Water power plants (1,000 kilowatt hours or equivalent). 



Source. 


1916 


1916 


1917 


1918 


Street railways 


10,990 
567; Tm 


11,908 
760;363 


11,781 
806,415 


11,420 
883,616 


Hydroelectrlo 




TTtilltim 


578,700 
1,490,000 


773,265 

i,49o;ooo 


818,196 
1,490,000 


874,046 
1,490,000 








Total 


3,068,700 


3,363,366 


3,306»190 


3,364,046 





puBuc umjfiBS-'fluinujrr 



Appendix C-4. 

or POWBR SWIPMBNT JNWrAUMD IBOM CBNBUB 
REPORT OF 1917. 

[HonRpower.] 



State. 



Maflaaohoaetti. 



Oooneotlcat 

RbodaUaDd... 
Nair Hampahtre. 
Vennant 



TotaL. 
KQowatta... 



Staaau 



Street. 
raOwaya. 



831,580 
14,866 
68,046 
66^800 

300 



466,803 
836,000 



Electrlo 

light and 

power. 



66,313 
33,478 
163,043 
131,006 
84,794 
1^386 



322,819 
646,000 



Water wheels. 



Street 
lailwaya. 



1,710 

81,180 

000 



3,583 
8,194 



44,566 
81,300 



Elsctiio 

Ugfatand 

power. 



118,986 
76,500 
82,400 
8|788 
67,809 
86,436 



844,467 
341,000 



Internal combostkn. 



Stnet 
rallwaya. 



100 



100 
70 



ElKtllO 

light and 



6,287 
ISO 



i:- 



9,705 
6|8QO 



OnakOowalt of eleotrlo genantting capacity is aasmned to be eqnhatant to 1.48 hora^powar foraveiags 
Mnanaretiinis for three years. 
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Appendix C-5. 
elbcteic ught and power station. 

A. Total installed capacity of generators, 

4 

[KUowatts.] 



Xassacbuaetts, 



Connecticut 

Bhode Island 

NewHamptUre. 
Vermont 



State. 



1007 



13ft, 934 
89,200 
39,363 
21,040 
31,917 
21,854 



Totallionepower. 
Total kilowatts... 



Ararat annual per cent Inoeaae. 



288,388 
290,000 



1912 



252,782 
58,767 
77,855 
»,609 
57,708 
29,408 



514,t»80 

515.000 

225,000 

15.5 



1 



1917 



478,038 

08,242 

152,649 

106,017 

65,560 

51,751 



918,152 
91^000 
408.000 



B, Detail of installed generating cap<icity, 

1. STEAM ENGINES AND TURBINES. 
(Horsepower.] 



State. 



1907 



mine 

Oannectlciit 

Bhode Island...., 
New HampshlrOL , 
Vermont 



170,467 
18,114 
8^402 
34,733 
30,265 



Total horsepo w er 

Total kUowatts 

Increase kilowatts 

Ayenge annual per cent increase. 



280,940 
198,000 



1912 



823,138 
19,610 
89,373 
46,984 
35,386 
14,996 



519,426 

868,000 

167,000 

17 



1917 



555,312 

3^478 

163,043 

131,008 

34,794 

17,385 



933,819 

646,000 

383,000 

15.6 



(A) FROM CENSUS OF 1917. 



Ayente 

ICilowatts. i percent 

increase. 



1907. 
1913. 
1917. 




17.0 
15.6 



(B) E8TI1CATE INSTALLED. 



1915. 
1916. 
1917. 
1918. 



761,000 

843,000 

933,000 

1,026,500 



533,000 
590,000 
645,000 
717,500 



n.i 
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B, Detail of installed generating capacity. 

a. WATER WHEELS. 
[Honepower.) 



State. 



Siaaaachuaetts... 

Maine 

Gonnectlcat 

Rhode laland... 
New Hampshire. 
VenBont 



Total horsepower 

Total kilowatta. 

Increase. 

Average annual per oent increase. 



1007 



10,781 
89,766 
18,045 
3,868 
35,404 
28,473 



180,781 
91,000 



1913 



34,480 
09,988 
10,484 
3,440 
56,987 
35,373 



306,601 

145,500 

68.900 

11.8 



1917 



118,966 
75,890 
33,409 
3,788 
57,800 
56,435 



844,457 

341,000 

95,500 

13.1 



(A) FROM CENSUS OF 1917. 



1907 
1913 
1917 



Horse- 
power. 



130,700 
306,500 
844,600 



Kilowatts. 



91,600 
145,500 
341,000 



1916 



157,727 

133,760 

32,600 

5^166 
78,299 



451,608 

316,000 

75,000 

31.1 



percent 
Inerease, 



U.8 
13.1 



(B) ESTIMATE INSTALLED. 



1915 
1916 
1917 
1918 



304,000 
317,000 
844,500 
451,500 



308,000 
333,000 
341,000 
316,000 



31.1 



C Estimate of annual increaseM of generating capacity, 

[KUowatts.) 



I9l9--Flnt.. 
1930-8eoond 
1931— Third.. 
1933-Foiirth 
1933-Fi(th.. 
1934-8ixth.. 

Total.. 



Hydro- 
electric. 



80,000 
37,000 
57,000 
40,000 
85,000 
35,000 



384,000 



Steam 
electric. 



138,500 
144,000 
100,000 
150,000 
800,000 
340,000 



1,173,500 



Total. 



168,500 
181,000 
157,000 
100,000 
335,000 
875,000 



1,406,600 



Appendix 0-6. 
manupactvkbs-^nstallbd power bquipiaent. 

A. Steam engi$^es and turbines. 

(A) FROM CENSUS OF 1916. 



Year. 


iQstaltod 
hofMpowet. 


Annual 
percent 
uioreaee. 


1860 


158,000 
890,000 
684,000 
1,000,000 
1,848,000 
1,65^000 
1,874,000 




1870 


10.9 


1880 


9.8 


1899 


7.3 


1004 


4.4 


1900 


4.7 


1914 


1.6 
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(B) ESTIMATE INSTALLED.^ 



1915 
1916 
1917 
1«1S 



Honepowvr. 



1,900,000 
1, 990, 000 
1,965,000 
1,075,000 



KUowAtts. 



1,430,000 
1,440,000 
1,46a, 000 
1,470,000 



1 Honepower X .746 - Kilowatts. 
B, Water wheels, 

(A) FROM CENfiUS OF 1015. 



Y9K. 


Iniitalled 
horsopoww. 


Annaal 
percent 
morea^. 


18G0 


868,000 
428,000 
497,000 
619,000 
650,000 
757,800 
757,600 




1879 


i.'7 


1880 


1.8 


1899 


8.5 


1904 


1.8 


1900 ; 


8.0 


1914 


0.0 







(B) ESTIMATE INSTALLED. 



Year. 



1915 
1916 
1917 
191S 



Horsepower. 



758,000 
768,000 
758,000 
768,000 



EUowatts. 



667,000 
567,000 
667,000 
567,000 



Appendix C-7. 
electric light and power stations— energy production. 

A. Total electric energy production in nUUion kHowatt hours. 



STEAM AND WATER POWER.I 



Year. 



1907. 
1906. 
1900. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 

1919. 
1990. 
1921. 
1932. 
1923. 
1924. 



Census, 
1917. 



473 



865 



1,886 



QnestioD- 
nalre. 



Compu- 
tation. 



1,331 
1,686 
1,910 
3,174 



630 
606 
675 

764 



1,009 
1,181 
1,876 
1,600 
1,860 
3,164 

2,631 
3,941 
8,485 
4,015 
4,711 
5,517 



Values 
used. 



473 

630 

606 

675 

784 

865 

1,009 

1,181 

1,376 

1,000 

1,860 

3,164 



3,521 
3,9U 
3,436 
4,016 
4,711 
5,517 



Yearly Increase. 



Kilowatt 
hours. 



57 

68 

77 

89 

101 

144 

173 

196 

334 

360 

304 



357 
430 
494 
680 
696 
806 



Per cent. 



13.0 
13.8 
13.8 
13.3 
13.8 
16.5 
17.0 
16.5 
16.3 
16.3 
16.8 



16.5 
166 
16.8 
16.8 
17.3 
17.1 



1 Small amount of Internal combustion engine generated energy also included. 
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B. Normal increase durtnfjf next six years, 

KILOWATT HOURS. 



1W9— First 

10aO-~Seoand 

1921— Third 

1922--Fourth 

1928— Fifth 

1924— Sixth 

6-year increase 



Hydroelectric. 



118,000,000 
136,000,000 
203,000,000 
173} 000, 000 
107,000,000 
126,000,000 



863,000,000 



Steam-electric. 



239,000,000 
284,000,000 
291,000,000 
407,000,000 
589,000,000 
680,000,000 



Total. 



357,000,000 
4», 000,000 
494,000,000 
5SO,000,000 
696,000,000 
806,000,000 



2,400,000,000 I 3,353,000,000 



Appendix C-8. 



BLBCTRIC UGHT AND POWER gTATIONS— GENERATING EQUIPMENT INSTALLED 

AND TO EB INSTALLED. 

A, Steam turbine units. 

IN 1918. 



Location of station. 



Providence. 
Brldi^eport. 
HartJTord... 
Chioopee... 

Total 



IN 1910. 



Horse- 
power. 



57,000 
10,700 
14,800 
21,500 



103,500 



Kilofwatts. 



40,000 

7,500 

10,000 

15.000 



72,500 



Boston 

ICiUboxT 

Norwich 

New Bedford 

Chioopee 

Pitt^eld 

Worcester.... 

Total.. 



86,000 
14,800 
28.600 
21,500 
21,500 
8,600 
22,900 



196,400 



60,000 
10,000 
20,000 
15.000 
15,000 
2,500 
16,000 



188,600 



B, Hydroelectric units. 

CLASSIFIED BY YEAR IN WHICH EQUIPMENT BECOMES AVAILABLE. 

[Horsepon^er.] 



TnmersFaUa , 

Central Maine 

Oonneeticat Lldit Power . 
New England Power Co.. 

Hortonia., , 

Romford Falls , 

Oomberland County 

MllfbrdCo 

ICandi^ter 

NorwiS , 



Total horsepower 

Total Ulowatti of electridty mnerated. 



1919 



8,600 



8,000 

8,600 

18,000 



1,400 
8,000 



4^,600 
80,000 



1920 



1921 



26,000 
12,000 



9,000 



8,000 
U200 



58,900 

87,000 



10»000 
10,000 

9,000 
28|O0O 

8»000 

9,000 
16,000 

2,000 



88,000 
57,000 



1922 



10,000 
6,000 



84,000 

6,000 



2,000 



56,000 
40.000 
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Appendix 0-9. 

ugbt and power stations— determination of n ecessary 
annual increase in 8trah generating capacitt. 

[Ref cgqn c o a A ppendix No. 7-A; Appendix No. S-B.) 
Annual production of hydroelectric energy. 



Year. 



1917 
1918 

1919 
1920 
1021 
1932 
1023 
1904 




404,100 
$47,800 
020,800 
086,800 
740,000 
800,000 



KUowatts. 



241,000 
810,000 



840,000 
888,000 
440,000 
480,000 
518,000 
600,000 



Per cent 
tian. 


S38.3 
181.1 


*82 
•83 
*84 
•86 
•86 
•85 



Kilowatt 
hoan. 



800,416,000 
802,010,000 




> Actual. 



• Amnned. 



In the following table the hydroelectric production Is subtracted from the 
estimated total production to determine steam-electric production that will be 
required, and the necessary steam-electric generating capacity Is determined 
therefrom. 

1,000,000 KILOWATT HOURS. 



• 


1010 


1820 


1021 


1022 


1023 


1024 


Kilowatt ftotirt. 

stlm^ttfi^ totAl frain all tonrcMr .... - ............ ^ . T 


2,621 
971 


2,041 
1,107 


8,486 
1,310 


4,015 
1,488 


4,711 
1,690 


5,617 
1,710 


HifirotlMtrk, 
f^sMmatf^] kilowatt hmn. 




Siemn. 
Kilovatt hours 


1,560 


1,834 


2,125 


2,632 


3,121 


3,801 




IncrfHuwIn fft^mmeadi year. 


239 
l&S 


284 
17.7 


201 
16.8 


407 
10.1 


580 
28.8 


080 


Pei'oe'nt'TicT*'a»e.»,.,,r.,....,....,,. ^•.. 


21.8 







STEAlf ELECTRIC. 



KUowqU Kovrt, < 

EsUxnated toUl ; 1,650 

0.207 

860 
180 



Assumed utillcatioii. 

IjOOO kilowatts required 

\ early increaM In 1 ,000 kUowatts. 



Totalincreaae.... 
Per cent increase. 



130 
10.4 



1,834 

0.21 

1,000 

144 



283 
10.8 



I 



2,125 

0.22 

1,100 

100 



383 

loTo 



3,632 

0.23 

1,250 

160 



633 
13.6 



3,121 

0.23 

1,650 

300 



883 

24.0 



3,801 

0.28 

1,890 

340 



1.178 
2L0 
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Appendix C-10. 
tabulation indicating possible coal saving to be secubbd bt mban8 

OF FURTHER INTERCONNECTION OF ELECTIHC DISTRIBUTION STBTEMS WITH 
LARGE POWER SYSTEMS. 



Question- 
Btln No. 



17 

18 
86 
34 

164 

88 

41 

143 

24 

105 

181 

26 

80 

42 

81 

173 

85 

106 

113 

187 

114 

181 

111 

104 

189 

161 

176 

186 

168 

149 

168 

180 

46 



Diftllct. 



CambrldgB 

Lowell 

HArttord 

Brid^port 

NewHiftveii. 

Newburyport 

Stamlbra 

PortsmoaUi 

QlouoeBter 

HolToke municipal. 

Derby. 

Taunton municipal. 

Haverhill 

Plttsfleld 

Manchester 

Lynn. 



Qulncy 

New London. 

Groton municipal 

Waterbury 

East Bralntree mmdcipal. 

Norwich munidpaL 

Beverly 

Meriden. 

Danbury 

Weymouth.. 



Hudscn municipal. .-. 

Reading municipa] 

Conoord municipal 

Uarblehead municipal. 

Holyoke water 

Ipswich municipal. . . . . 

Lawrence 

Lewiston. 



Pounds per kilowatt 
hour. 



Present. 



2.25 
2.31 
2.87 



2.47 
2.00 
2.70 
2.77 
2.80 
2.86 
8.06 
8.08 
8.10 
8.10 
8.32 
8.34 
3.43 
8.50 
8.61 
8.01 
3.88 
4.02 
4.06 
4.07 
4.60 
4.62 
4.87 
6.06 
5.68 
6.00 
6.11 
6.27 
8.00 
80.2 



Possible. 



1.90 
2.00 
2.00 



2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
3.00 
2.00 
1.90 
2.00 
2.00 
2.00 
1.96 
2.00 
2.00 
2.00 
2.00 
1.96 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
8.00 



1018, tons 
now. 



29,800 
85,100 
91,100 



115,000 

14,200 

26,800 

28,800 

8,400 

25,000 

26,200 

12,300 

15,800 

18,000 

7,900 

26,600 

8,800 

18,800 

6,500 

92,700 

2,200 

12,000 

6,300 

18600 

9,000 

11,900 

2,700 

8,800 

8,600 

3,800 

1,600 

8,800 

6,000 

1,000 



684,200 



Tens 



25,200 

30,400) 

76,900' 



Net 
saving. 



4,600 

4,700 

14,200 



93,200 
10,600 
19,800 
20,400 

2,400 
17,600 
16,500 

8,000 
10,200 
11,600 

4,800 
15,900 

5 100 
10600 

3,100 
61,800 

1 100 

olooo 

8,100 
9,100 
3,900 
6,200 

i;ioo 

1,800 
1 20O 
1100 

600 
1,000 
1,800 

200 



400,000 



21,800 
3600 

T^ooa 

7,900 
1,000 
7; 600 
8,700 
4,303 
6,600 
6400 
3^100 

10,600 
3,700 
7,800 
2^400 

41^400 
1 100 
6O00 
3,200 
9,500 
6,100 
6^700 
1 600 
2,000 
?800 
2,200 
^200 
2^800 
3,700 
11400 



214,600 



Appendix O-ll. 

[Compiled by KaJ. Oeoige P. Sever, Engineen, U. S. A.) 

TABULATION OF UNDBYELOPBD HTDRO*BLBCniIC PROJECTS THAT APPEAR TO 

BE FEASIBLE. 

Summary, 



state. 



Massachusetts... 

tfaine 

Connecticut 

New Hampshire 
Vermont 



Added 
kllowatti. 



62,500 
116,400 
44,000 
37,500 
63,600 



823,000 



Added kUo- 
watthovm 

w hen 
oonptoted. 



2n,ooo,ooo 

683,000,000 
138,000,000 
130,000,000 
216,000,000 



1,378,000,000 
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UABBJLCBUVBrsm, 



RItmw 



DeerOeld. 
Westfleld 
Mlltofs... 
Nashua.. 



Added 
kilowatts. 



23,500 

25,000 

12,000 

2,000 



62,500 



Added kilo- 
watt hours 

when 
oompleted. 



138,000,000 

68,000,000 

56,000,000 

9,000,000 



271,000,000 



MAINE. 



Kennebeo 

Androeooggin 

Saoo 

Peoobsoot.... 



CONNECTICUT. 



HousatonJc. 
Connecticut. 




24,000 
20,000 



483,000,000 
197,000,000 
1.24,000,000 
120,000,000 

033,000,000 



75,000,000 
63,000,000 



44,000 138,000,000 



NEW HAMPSHIRE. 



Contoooook • , 

Connecticut I 

Androsooggln ! 



10,000 
8,500 
1,000 

18,000 



37,500 



VERMONT. 



30,000,000 

20,000,000 

4,000,000 

66,000,000 



120,000,000 



Connecticut. 
D<«rfield. . . . 
Otter Craek. 
East Creek.. 
Middlebury. 
Ttaxnoath... 
Winooskl... 



24,000 
21,000 
4,050 
1,960 
4,000 
2,500 
4,200 



62,000 



85,000,000 

71,000,000 

30,000,000 

7,000,000 

10,000,000 

8,000,000 

5,000,000 

&16,00O,000 



Appendix 012. 

(Complied by MaJ. George F. f«Ter, Engineers, United Statea Army.] 

TABULATION OF UNDBVSLOFBD HTDROBlrECTEIC PROJECTS OF WHICH RECORDS 

ARE AVAILABLB. 

Summary, 



state. 



tfasaachuaetts... 

Maine 

Connectlcnt 

New Hampshire 
Vermont 



AvaUable 
kUowatts. 



70,438 
258,120 

40,000 
155,742 

71,450 



601,789 



Kilowatt 
hours. 



299,779,000 
905,600,000 
145,000,000 
404,019,000 
240,914,040 



2,066,212,040 
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MASaACHUSHTTS. 



RlTer. 



ICUlen 

Deeiileld... 

VcniioEft Storage. 



Wi 

Farmingtoa. 
Qqlnebaug.. 
Naahaa 



Avaikble 
kUowattt. 



13,000 



8,836 

28,000 

8,860 

202 

2,000 



70,488 



Kilowatt 
boon. 



66,000,000 
07,000,000 
41,000,000 
18,800,000 
68,874,000 
18,520,000 
886,000 
0,600,000 



280,770,000 



MAINE. 



Androflooggiii. 

Saoo 

Peoobscot.... 
PrMumpsoot. . 



CONNECTICUT. 



188,000 
28,000 
14,000 
80,600 

2,e» 



268,120 



467,000,000 
06,200,000 
49,100,000 

282,000,000 
9,200,000 



006,600,000 



Qoloebaiu. 
Hoasatonu;. 
Conneoticut 



2,000 
24,000 
20,000 



46,000 



7,000,000 
76,000,000 
63,000,000 



146,000,000 



NEW HAMPSHIEB. 



Iteiimadc... 
Contoooook.. 
Blackwater.. 
Coimecticat.. 
Androsooggin 



18,680 
28,687 
8,166 
84,420 
21,000 



166,742 



80,420,000 
68,194,000 
20,406,000 
286,000,000 
74.000,000 



494,019,000 



VERMONT. 



Otter Creek 

Vwmont Marble Co. 

Winooakl 

Tinmoath Bnooh . . . 

Middlebory 

EaBt Creek, Mendon. 

Green River 

IthlelFalla 

Mooee River 

Paammpeio 

OipciinpaiwHc. • • . • 

OttauquMfliee 

BeUowi Falls 

I>eerlleld 



4,060 

4,900 
2,600 
4,000 
1,050 
2,600 
600 



74 

1,270 

1,690 

34,000 

21,000 

71,460 



80,000,000 
10,000,000 
7,000,000 
8,000,000 
10,000,00' 
7,350,004 
8,000,000 
1,000,000 

i,9n,ooo 

286,000 

6,010 

1,060,000 

428,000 

86,000,000 

71,000,000 

910,914,040 



^None. 
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Affbkdix C-18. 

[Complied by MtX George F. Sever, Bnglneem, United States Army.] 

BLBCTKIC UGHT AND POWER STATIONS— RATING OF INSTALLED WATER 

WHEELS, 1918. 

Bummary, 



state. 



Maine 

OaoDeetksat.. 
Rhode Idand 



Rated 
honepowor. 



157,727 

138,760 

33,600 

3,036 



State. 



Neir Hampshlie. 
Venoent ...••■• • 



Rated 
honepower 



57,156 
78,380 



451,608 



MASSACHUSETTS. 



Company. 


Location. 


Rated 
hors^ 
power. 


RlTV. 


Athol Gas & Eleotric Co Athol.. 


3,300 
1,300 

100 
53 

500 
4,300 
1040 

«.« 

4,800 

1,600 

150 

3,340 

51,300 

75 

300 

8,000 
06,000 

7,300 

5|000 

400 

1,060 


MUleis. 


Ontral Massfichnnttff Elfietrlo Co 


Palmer ........r.*.-- 


Qoaboag. 
Deerfleld. 


Charlemont Electrio light A Power Co. 
Cheater Electrio lieht Co 


Chariemont * ...«««r.*r 


Chester... 


Northfleld. 


ntohborfi: Qaa A Eieotrlo Co 


Fltchl)urg 


Nashoa. 


^rf*m^^Id i^Actric TJcht <fr Pow<w Co . . 


Ofwenfl^ild,.., .,,.,,^T-T 


Green. 


Holyoke Manicipal Gas & Electric Co . . 
HolTOke Water Power Co, - 


HolTOke 


Connectioiit. 


.?.?.Sov?:..::::.;::;:::.:;:: 


Do. 


Hontinsrton Electrio lieht Co 


TTTmtinRton-»,-,,,,-r«-T-T-- 


Northfleld. 


lAwmioe Ga# Co 


Lawrence 


Merrimaelc 


T/ee Electric Co 


Lee 


Hoosatonlc. 


Metropolitan Watfiusett A Sadbory 
Board (Boston) 


rWachnsett 


Watihusett Reservoir. 


\Sunbory 


Sudbury. 


MIddlehoro Gas & Eleotrio Plant 


"Middlelfioro 


Taunton. 




Hoosatonio 


Housatonic. 






Deerfleld. 


NcMth Dana Electrio Liidit Co 


North JHna. ...........tt^t 


H. B. Swift. 


ShellntrDe Fallfl 4 Colennn Strwt 11811- 


Shelbome Falls. 


Deerfleld. 


way Co. 
Stratnmore PaoerCo 


Woronoco 


Westfield. 




Turners Falls No. 1 Plant, 

Montagne City. 
Hampden 


Conneoticat. 


nnlt4Ml EI^H^c T4s:ht Co 


Springfteld 


Chioopee. 


Wf^vmonth TJrtit Jb PoWW Oo. .,...»... 


IBf, Wflymniith , ..-,.t--t 


Weymouth. 
MUfers. 


Windhendon Eieotric light & Power Co. 


WInchendon....... 








157,737 





MAINS. 



Androeooggln EleoMo Co», 



Atlantic Shore Ry 

Bangor RaUway A Electric Co. (Bangor |\ 

Power Co.) \j 

Bar Harbor A Union RlTer Power Co. . 

Bartlett Manufecturing Co., C. H 

Belgrade Power Co 

Berwlok A Salmon Falls Electric Co 

Bridgton Water A Sleotile Co 



Brownfleld Electrio Co 

Calais Street Rattway Co 

Ceiiboo Water, light A Power Co 

Central Maine Power Co., Penobscot 
Bay Electric Co. 



DeerRipsNo.l 6,000 

BarlWsklla, 500 

Iittlefleld'sNo.3 800 

Keuiebunk 3,400 

Oldtown, MUford | J|§J§ 

Ellsworfh 8^000 

North New Portland 136 

Belgrade Lakes 300 

Berwick 3,400 

limerick 710 

Bridgton 875 

EasTBrowniMd 60 

Calais 60O 

Caribou 350 

BeUsst /. 300 

Benton 1,300 

Bucksport 1,000 

Foxmftj.. 440 

Oieensvffle........... 880 

GnUlbrd 360 

Oakland 800 

Pittsfletd .. 1,360 



Androscoegtn. 
little Anonsooggin. 

Do. 
Mousam. 

|penobsoot. 

Union. 

Belgrade Lake outlet. 
Salmon FaOs. 
Little Ossipea. 
Stovens Brook. 

8l.(2roiz. 
Aroostook. 

Sebastocook. 
Orland. 
Piscata quis. 
WUsoQ Stresni. 
Piscataquis. 



Bebastioook. 



7108—21- 
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MAINS— Cantinoed. 



C<nnpany. 



Batb A Bnmswlok light A Pow«r Co.. 
Omtnl ICilne Poww Go., Bfaawmat 
MmnfMtoilng Co. 



Ohorryfleld EtooMc li^t Co 

dark Power Co 

OomUh & Eionr Falls Light A Poww Go. 
Comberiand Comity Poww A Light Go 



Dmnlstown Poww Go , 

Fort Kent Electric Co 

ItBnkUn light A Poww Co 

ttland Llghang Co 

Kennebonk Kcmidpal Plant 

Lewlaton Ktmidpal Plant 

Lincoln County Poww Co 

Lisbon FaUsEieotrio Go 

MadUas Electric UMkt Co 

Madison Electric works 

MalUson Poww Co 

MerriUMlUOo 

MOo Electric Light A Poww Co . . . 

MonsamLJ|^t£ Poww Co 

MnnidpalElectric Light Plant. . . . 

Oqooesoc Light A Poww Co 

Oxford Electric Co 

Pennamaquan Power Co 

Phillips Electric Ll^t & Power Co 
Presixmpsoot Electric Co 

Readfleld Light A Power Co 

Rumford Falls Power Co 

St. Croix Gas Light Co 

Swans Falls Co 

Tumw Lights Power Co 

Weymoutn, G. A 

Yarmouth Lighting Co 

York County Power Go 



Location. 



Brunswick 

Rice RItw Plant 

Shawmut 

Bkowhegan 

Bomwset Traction Plant ... . 
Waldoboro 

Watervllle 

Winstow 

ChMTyileld 

Clark^s Mills 

Kestf Falls 

EOram 

North Gorham 

Bonny Bade 

West Buxton 

Jackman 

Fort Kent 

Farmizigton 

Island Falls 

Kennebunk 

Lewlston 

Boothbay Harbor 

Lisbon FiDs 

IfahhiAf 

NorridgewoCk. 

South Windham. 

Patten 

Milo 

Monsam 

Bangw 

RMigeley 

Norway. 

South Paris 

Ifochanics Falls 

Pembroke 

Phillips 

El. Weir 

Saoarappa 

Smelt HIU 

Dundee 

Readfleld 

Rumford Fans 

Calais 

Fryebuig 

Ttunw 

Farmington FaDs 

Yarmouth 

Sanford 



Rated 
hor»»- 
poww. 



{ 



000 
9,500 

4,000 

i;4ao 

600 

188 

»,100 

184 

400 

880 

8,750 

8,644 

14; 400 

6,860 

160 

125 

800 

900 

100 

500 

650 

150 



..I 



000 

1,000 

80 

600 

75 
600 

150 

736 

150 

150 

343 

110 

3,000 

2,400 

1,000 

8,000 

125 

38»000 

460 

840 

375 

130 

110 

180 



123,760 



Rlvw. 



AndroBOoain. 
ScbostiooMc. 

Kennebec 
Do. 



Kennebec. 

Sebasticook. 

Narragnagos. 

Saoo. 

Osslpee. 

Piesunipscot. 

Do. 
Saoo. 

Do. 
Moore. 
Wallagraes. 
Canabassett. 
Mattawamkeag. 
Mousam. 
Androacoggin. 
Damariscotta. 

Maciilas.' 

Sandy. 

Presumpscot. 
Fish Stream. 
Sebec. 

Hebron Pond Outlet. 
Penobscot. 
Kennebago. 
Pemigewasset. 
Little Androoeoggln. 
Do. 

Sandy. 
Presumpscot. 

Do. 

Do. 

ToTcy Pond Outlet. 

Androscoggin. 

St. Croix. 

Saco. 

NevlnscoL 

Sandy. 

Mousam. 



CONNEOTICUT. 



Baltic Mills Go 

Geatral Connecticut Power A Light Co. . 

Gonnecticnt Light 4( Poww Co 

Connecticut Poww Co 

Dwby GasCo 

Fkmungton River Power Co 

Harttod Electric U^t Go 

Litchfield Electric Light A Poww Co. . . 

North Conneotiout light A Poww Co . . 

Rockrlllo-Winimantic Lighting Co. •• 

UncM Poww Co i Scotland 

Union Electric Light and Poww Co. . . . UnionvlBle. . . 

Wallingford MunMiMU Plant North Haven 

WInstedQasGo Wi^sted 

Woodbury Electric Co Woodbury... 



Baltic 

Leesvllle 

Bulls Bridge... 

Falls Village... 

Dwby. 

NewBriUin... 

Tariflville 

Litchfield 

/Windsor Locks. 
\Thomp8onvfllo. 

WiUimantlc.... 



} 



800 

300 

8,000 

16,500 

1,000 

1,300 

9,600 

600 

380 

100 

3,000 
800 > 

175 I 

830 I 

85 I 

83,600 



Sbetooket. 

Salmon. 

Hoosatonlc. 

Do. 

Do. 
Farmington. 

Do. 
Bantam. 

Connecticut. 

WilUmantlo. 
Shetucket. 




Miad. 
Pomperang. 
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RHODE ISLAI<fD. 



Company. 


Locfttioii. 


Rated 
hone- 
powv. 


Rlyer. 


BlackstODe Vaflvy G*^ A Eleotric Co. . . 
Woonsooket, BlMkatone Valtoy Om & 


Jenks Land Plant, Faw- 
tueket. 


1,1% 
001 


Blackstone. 
Do. 


EtoctrieCo. 


• 






2,02S 





NEW HAMPSHIRE. 



Ashland Municipal 

Bethtehem Electric Ljgfat Co. . ......... 

BiBdford Eleotric Light Plant 

Bristol Electric Llfl£t Plant 

Clarcanont PowerCo.. 

Colebrook. W. F.Allen Co 

Concord Electric Co 

Contoooook Electric Light Co 

Dablin, Keene Gas <& Electric Co 

CkMitman Oas & Electric Co 

Twin State Gas & Electric Co 

Gimfton Center, United Mica Co 

Gieenville Electric Li;ht Co 

Lrman Fails Power G> 

Millsboro Electric Light & Power Co . . . 

Wentworth Hall Electric Co 

Keene Oas & Electric Co 

Laconia Gas & Electric Co 

Jones & Linsoott, Lanmster Electric Co. 
Grafton County Eleotric Co., Lebanon 
Light A Power Co. 

Lincoln^ J. E. Henry & FonsCo 

Lisbon Light * Power Co 

Littleton municipal plant 

Manchester Tracnon, Light & Power Co. 



Milford Li^t 4b Powtf Co 

Newmarket Electric Co 

Newport Electric Co 

Peterboro, Keene Gas & Electric Co. 
Salem Electric Light & Power Co.... 
TiJton Electric Light & Power Co . . . 

Grafton Coonty Electric Co 

West Lebanon Light A Power Co..., 
W. F. Allen Co., West Stewartaon. . . 
WoodsrUle Aqaeduct Corporation. . . 

Franklin Light «& Power Co 

New England Power Co., Vernon.... 



:} 



Ashland. 
Bristol!! 



Farmlngton. 

Gorham 

Grafton 



Groveton. 
JackBon.. 



Tilton 

West etewartson. 
Vernon.*.'..!.. *.'... 



90 
450 

77 
150 

eoo 

000 

3,000 
250 
390 
114 

1,200 

100 

50 

1,336 
300 
100 
450 

1,050 

.350 

40 

3,400 

500 , 

600 ' 

6,900 I 

250 ' 
250 i 
300 
165 
100 
575 j 

550 i 



Squam Lake. 

Warner. 

Pemigewasset. 

8u£ar. 

Mohawk. 

Merrimack. 

Contoocook. 

Stanley. 

Cocheoo. 

Androscoggin. 

Smith's River. 

Souhegan. 

Upper Ammonoosuc. 

Contoooook. 

Wildcat Brook. 

Ashuelot. 

Israel. 
Mascoma. 

Pemigewasset. 
Ammonooeue. 

Do. 
Piscataquog. 
Merrimack. 
Pouhegan. 
Exeter. 
Sugar. 
Contoocook. 
f^icket. 
winnipesaukee. 

Mascoma. 



500 Connecticut. 
310 Ammonoosuc. 
1^150 j Squam Lake. 
82,000 Connecticnt. 



57,156 



VERMONT. 



Alien Co^W.F 

Barton Village. 

Bradford Electric Lii^t Co ... . 
BnrUngton Lii^t A Power Co. 

Winooskl Valley Power Co 

Cotonial Power & Light Co 



Enasbnrg Falls municipal plant . 
Fall Mountain Electric Co 



Hortonia Power Co. 



Baatam Vffipont Public UtUltieaCo. 



Canaan. 

Clyde Fall* 

Bradford, 

Colchester 

98s«z Junction Bt^on. 

Manchester 

Cavendish. 



Forest Plant. 
Bellows Falls. 
North Troy.; 



Gajrsvilla. 

Brandon 

Bethel 

Bristol 

Salisbury 

SUverLake.... 
HortomTiUe.... 
CrotonNo;!... 
CrotonNo. 2... 

Bamet 

South Ryagata. 
JoaaPond 



850 
1,000 

360 

3,000 

8,000 

65 

1,500 

185 

500 
1,300 

200 

600 
335 
500 
210 
2,200 
8,800 
500 
300 
120 
365 
850 
750 



Clyde. 
Walts. 
Winooski. 

Batten^ill. 

Black. 

Missisquoi. 

Saxtons. 

Connecticut. 

Jay Branch. 

Murisquoi. 

White. 

Do. 

Do. 
New Haven. 
Leicester. 
Sucker Brook. 

Walls. 
Do. 
Stevens Brook. 
WeUs. 
Joea Brook. 
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VERMON T— ContiDU«d. 



Company. 



Hardwick municipal plant , 

H vde Park munidpality 

Island Pond Electric Co 

Johnson municipal plant 

Jones A Lamson Power Co , 

Lunenbure Manul^cturinK Co , 

I*3mdonvlile Electric Light Plant , 

T/rman Falls Power Co 

Middlebury Electric Co 

Missbsquol Power Co , 

Village of Morrlsvllle 

Nelson d^ Hall Co 

New England Power Co 

Newport Electric Co 

North Troy Electric Light & Power Co. 

Pittsford Power Co 

Royalton Power Co 

Rutland Railway, Light & Power Co. . . 

Swanton Village 

Sweat-Comings Co 

Twin State Gas & Electric Co 



Vermont Marble Co 

Vermont Soapstone Co 

Vermont & Quebec Power Co. 



Montpelier & Barre Light A Power Co.; 
Vermont Power & Lighting Co. 



Public ElectricI ight Co 

Village of Wells River 

Western Vermont Power & Ll^t Co. 

Windsor Electric Light Co 

Woodbury Granite Co 

Woodstock Electric Co 



Location. 



Hardwick. 



WflstCharleeton. 



Perkinsviye 

Lunenburt 

Lyndonvifle 

Bioomfleld plant. 

Mlddlebuiy 

Sheldon 

Cady's Falls 

Samsonville 

Readsboro 

NewpcMt 



Pittsford 

Pouth Rovalton 

Rutland, jiendon . . 

Hifitokte Falls 

RlchRird 

Bennington 

West DummerstoD. 
St. John.sbury 



PerkinsTille 

Stevens Mi lis 

Richford 

Berlin No. 6 plant. 



Middlesex No. 2 plant 

Moretown No. 7 plant 

Montpelier No. 4 plant 

Moretown No. 8 plant 

North Duxbury No. 1 plant. 

Fairfax Falls 

Wells River 

Fair Haven, Carvers Falls... 

Windsor 

Mackville 

Woodstock 



Rated 
hofs^ 
power. 



i,aoo 

250 

aoo 

250 

400 
75 

900 
1,836 

300 
4,700 
1,750 

252 
3,800 
1,200 

200 
3,600 

100 
2,700 
1,700 

492 



800 
1,400 
8,875 
100 
600 
492 
850 

2.114 
451 
840 
824 

2,800 

2,700 
150 

2,000 
860 
750 
250 



78,230 



River. 



Lamoille. 

uihon. 

Clyde. 

Black. 

Passumnsic. 

Connectieut. 

Otter Creek. 

Mlsdsquoi. 

Lamoille. 

MlssisQUoi 

reerfield. 

Black. 

N. B. E. Creek. 

White. 

N. B. E. Creek. 

Missisquoi. 

Po. 
Roaring Branch. 
West. 

Passumpsic. 
Otter Creek. 

Missisquoi. 

WinoosM. 

Do. 
Mad. 

Winooski. 
Mad. 

Winooski. 
Lamoille. 
Wells. 
Poultney. 

MackviUe. 
Ottauqnechae. 



Appendix C-14. 



ADDITIONAL KILOWATT HOURS POSSIBLE ON EXISTING AND PROPOSED 

DEVELOPMENTS. 



MASSACHUSETTS. 



Sjrstem plant. 



New England Power Co.: 

No. plant 

No. 1 plant 

Zoar plant 

No. 6 plant 

Davis Bridge storage effect plants 2, 3, 4, 5, 7. 



EasttBranch, Westfleld River, about Norwidi 
bridge. 

Millers River 

Nashua River Paper Co 



Million kilowatt hours. 



Present 
storage. 



14,000,000 
16,000,000 
20,000,000 
16,000,000 



Proposed 
storage. 



Davii Bridge. 
17,000,000 
19,000,000 
40,000,000 
21,000,000 
41,000,060 



138,000,000 
68,000,000 

56,000,000 
9,000,000 

371,000,000 



Added 
kilowatt 
capacity 
at devel- 
oped sites. 



River. 



4,000 

4, no 

10,000 
5,000 



Deerfleld. 



33,500 
25,000 

12»000 
3,000 

63,500 



Westfleld. 

KUlers. 
Nadina. 
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MAINE. 



SysUm plant. 



Central ICaine Power Co., Bingham 

Shawmut Htg. Co. (xmrohased by Central Kaine 

Power Co.). 
Chaoe & Harrbnan: 



Bowhoceddy. 
Chase soream.. 
Steepdde 



Riimi6rd Falls Power Co. 
Lewlstan, Deer Ripe 



Cumberland County Power A Light Co. 
Bangor Railway AEleetrie Co 



ICillion kilowatt hours. 



Present 
storage. 



16,440,000 



06,180,000 
30,563,000 



63,174,000 
44,042,000 



Proposed 
stmge. 



88,000,000 
15,000,000 



66,000,000 
108,000,000 
156,000,000 



488,000,000 



Added 
kilowatt 
capaeitv 
at devel- 
oped sites. 



90,000,000 
7,000,000 



07,000,000 
24,000,000 
20,000,000 



683,000,000 



26,400 
2,800 



10,800 
18,000 
24,000 



82,000 



18,000 
1,800 



10,800 
9,000 
5,600 



116,400 



River. 



Kennebec. 



Androscoggin. 



Saco. 
Penobscot. 



CONNECTICUT. 



Connecticut Light & Power Co., Stevenson 

Connecticut River Co., Windsor Looks Devel- 
opment 



I 



75,000,000 
68,000,000 



188,000,000 



24,000 
20,000 



44,000 



Housatonic. 
Connecticut. 



NEW HAMPSHIRE. 



HiUsboro Electric Light A Power Co. 

New En^and Power Co^ Vernon 

LaeoniaGasA ElectrlcCo 

Contoooook Falls, Berlin 



80,000,000 

20,000,000 

4,000,000 

66,000,000 



120,000,000 



10,000 
8,500 
1,000 

18,000 



87,500 



Contoooook. 
Connecticut. 

Androscoggin. 



VERMONT. 



New England Power Co., Bellows Falls Rede- 
velopment 

DftTlsBridgaplant. 

Weybridge 

Oreen Mountain at Middlabory 

Vermont Marble Co l 21,000,000 



Rutland RaQway Liglht ft Pom er Co.: 
~").8. 



Mendon No. 
HeoGostroetlon at Mendon. 



EastMiddlebury 

Hortooia Power Co., Tinmooth 

Kontpelier A Barre Light A Power Co.. 

MoUy^ Falls, at iSrahfleld 

Palisades between No. 1-3 plants. .. . 



85,000,000 
71,000,000 
10,000,000 
10,000,000 
10,000,000 



80,000,000 



6,000,000 
1,000,000 



7,000,000 

10,000,000 

8,000,000 



8,800,000 
1,500,000 



6,000,000 



316,000,000 



24,000 

21,000 

2,700 

2,260 



4,050 



1,050 



4,000 
2,500 



2,700 
1,500 



4,200 



62,600 



Connecticut. 
Deerflekl. 
Otter Creek. 



EastCredc. 



Middlebury. 
TinmoQtli. 



Winooski. 



> NoaddftlonaJ equipment. 
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ELEaRIC POWER IN NEW JERSEY AND EASTERN PENNSYI^ 

VANIA. 



1. This report treats of the i)Ower situation in the territory in- 
cluding Philadelphia and Chester, extending across New Jersey to 
the Hudson River and taking in tne anthracite coal fields of north- 
eastern Pennsylvania, having sjpecial reference to the future develo]^- 
ment of the electrical systems in each district. A map of this terri- 
tory is shown on page 78. 

RBCENT GROWTH OF ELECTRIC POWER COMPANIES. 

2. The electric power companies throughout the country are at 
the present time passing through a transit5)n period Up to within 
the last decade they were in general operated primarily as lighting 
companies, and the supply of power was entirely a secondary con- 
sideration, but as the size of such systems has increased, and especially 
since the development of the steam turbine the cost of central station 
power has fallen far below the figures obtained from isolated power 
plants in factories. Certain secondarjr advantages also may be ob- 
tained bv the manufacturer by purchasipg i>ower, such as the elimina- 
tion of his own power department, whidi in general must be (][uite 
distinct from the rest of his organization, from the greater flexibility 
of his power supply, especially in enabling readjustments and exten- 
sions to be cheaply made and in obtaining more uniform drive by 
maintenance of a steady voltaee and frequency, all of which tend 
toward increased production, llie result has been that manufacturers 
have transferred their loads to the public-utility companies in in- 
creasing numbers, so that in manv cases the growth m the power 
company's load has far exceeded the rate of industrial development 
of we district. The effect of the war has been to accelerate this 
transition on account of the difficulties manufacturers have experi- 
enced in obtaining coal and labor. 

3. This rapid expansion in the demand for power has made it 
impossible in most cases for the power companies to provide adequate 
reserve capacity. It has involved the construction of many large 
generating plants and the abandonment of smaller stations which 
would otherwise have been seryioeai>le for many years. Also improve- 
ments in design have resulted in the replacement of much apparatus 
still in good operating condition in order to obtain increased economy. 
As a conseoiience of such alterations miich capital has become unpro- 
ductive ana most of the i>ower compames of tius district at the out- 
break of the war were widiout a normal reserve capacity and wi^ 
inadequate financial resources for carrying out construction needed 
to meet the war requirements. 
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IMPORTANCE OF CENTRAL STATION SUPPLY OF POWER AS A 

WAR MEASURE. 

i. The military advantage of having manufacturers furnished 
with power from central supply svstems has been well illustrated 
during this war. There has been a huge increase in demand for pro- 
duction from certain industries and a corresponding curtailment of 
others, and when both classes of industry are supplied from the same 
power system the reduction in load of one has oeen utilized to sup- 
plement the supply to the other. For example, it became necessary 
as a war measure to curtail the production of Portland cement in 
the eastern Pennsylvania district oy 26 per cent and power thereby 
released was used to great advantage by the Bethlenem Steel Co. 
and others in the manufacture of munitions. Unfortimately only 
about 30 per cent of the cement companies of the district were con- 
nected to the su^plv system and the power released from cement mills 
equipped wkh isolated steam plants could not be utilized for war 
work. The same conditions were found throughout this territory 
and numerous attempts were made to utilize the idle capacity 
of isolated plants, but engineering difficulties, expense, or time re- 
quired for obtaining relief from such sources generally rendered their 
use impracticable. 

5. Under the pressure of the war's demand for increased pro- 
duction the electric systems of this territory were practically all 
short of capacity for several months prior to the signing of the 
armistice, but on the larger systems, where there was a great variety 
in the character of their output, it had not yet become necessary to 
curtail the production of the more important war industries as the 
shortage could be distributed among the factories engaged upon 
less essential products. If a lar^r proportion of the factories of 
these districts nad been served wiui public utility power the flexibil- 
ity in this respect would have been still greater. The same line of 
reasoning applies with equal force to the interconnection of adjacent 
systems, and during the war considerable relief was obtained in 
certain sections by such means. Construction had been authorized 
for connecting together the New York Edison and the New Jersey 
Public Service Electric Cos. systems whereby 20,000 kilowatts addi- 
tional capacity would have been available in BTew Jersey, which 
should have been sufficient to have overcome the immediate power 
shortage in that district^ but this construction was abandoned with 
the cessation of hostilities when its need as a war measure disap- 

eared. Undoubtedly, however, many such interconnections will 
made in the future as the extension of systems brings neighboring 
circuits into closer proximity. 

PRESENT POWER RBQUIREMm^TS. 

6. In order that some sort of a picture may be obtained of the 
general power situation in this temtorv an attempt has been made 
to determine the present total demand for power as contrasted with 
the amount famished by the public utility companies. Statistics 
are available from which fairly satisfactory deductions may be 
made, though from the nature of the case, great aocuracy can not 
be obtained. Figures have not yet been published covering the 
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period of the war, but probably in any event it would be desirable 
to disregard such data as all conditions during that time have been 
abnormal. * 

7. This investigation has been limited to the following districts, 
which, however, cover most of the industrial communities within the 
territory: 

Newark and surrounding territory, limited b^ Jersey City in the 
east, Perth Amboy in the south, New Brunswick in me west, and 
Paterson in the north. 

Philadelphia — including the towns on both sides of the Delaware 
Siver from Chester to Trenton. 

Lehigh district— including the anthracite-coal fields and the terri- 
tory south to Allentown, Beuilehem, and Easton. 

8. The bulk of the power reouired within these districts may be 
considered under the following neads : 

Lighting. 
Industrial power. 
Railroads and trolleys. 

PRE8KNT POWER EEQUIRBMSNTS IN THE NEWARK DISTRICT. 

9. LiqhHng, — ^Illumination is at present obtained from electricity, 
gas, and oil. The municipalities and, in general, the office buildings, 
hotels, and stores within this district are served from the Public 
Service Co.'s system. The power required for factory lighting is 
usually included with the inaustrial load. It is necessarv, uiere&re, 
to consider in addition only residences not now connectea to the sys- 
tem. The census re^yorts give the population and number of dwell- 
ings within this territory for 1910 and estimates of the population 
for 1917, from which may be derived the approximate number of 
dwellings in 1917. The records of the Public Service Co. for their 
lighting customers make it possible to estimate the additional load 
that would be required if all the dwellings were lighted electrically 
from the general distribution system. I^tails of tnese calculations 
are given m Appendix D-2, from which it appears that the lighting 
load at the time of the system peak in 1917 was as follows : 

Load from Ughting customers 26,000 

Additional load if aU dweUings had been connected 12, 600 

Total , 87,800 

Annual Increase from new residences 640 

10. If allowance is made for the illumination of additional office 
buildings, hotels, and stores which will come with increasing popu- 
lation, the annual increase in lighting load might reach 1,000 kilo- 
watts. It should be noted in this connection that the effect of the 
lighting load becomes less important in determining peak conditions 
as the industrial load becomes predominating, especially since their 
maximum occurs at different periods in the day. 

11. Industrial power. — ^The Census Bureau, in their Abstract of 
Census of Manufacturers for 1914, ^ve the total primary power 
required by manufacturers in the various districts under coi^dera- 
tion. These figures combine the rated capacity of the engines of 
isolated plants and the motor capacity ox plants using purchased 
power. Manufacturing statistics are collectea bv the Census Bureau 
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every five years and extend back for a considerable period. The 
records of power-plant capacities, however, have been recorded for 
only 1909 and 1914. It was thought that the rate of growtii indicated 
by these figures could not be safelv assumed as appljdng for suc- 
ceeding years without further substantiation, and therefore the 
records of the value added by manufacturers to the raw materials 
to obtain the value of the proaucts were also studied as these fiigures 
were recorded in the earlier reports. They include cost of power, 
wages, etc., and should hold a fairly definite relation to the quantity 
of power Inquired for production. These fibres are given in detail 
in Appendix D-3, and the rate of growth is shown graphically in 
Appendix IMr. The results are quite consistent among themselves 
and should give a good indication of the growth for the immediate 
future. On this basis the total industrial load for the Newark dis- 
trict in 1917 should be 480,000 horsepower, which would correspond 
to 240.000 kilowatts demand if the entire load had been carried trom 
a single power system. The portion of this load, which was taken 
by the Public Service Co. in 1917, was approximately 85,000 kilo- 
watts. The annual growth in industrial load for this district as indi- 
cated by the above data is 10,000 kilowatts demand. 

12. fia^oads and trolley h. — It is beyond the scope of this report 
to tmdertake a detailed investigation of the power required for the 
operation of the railways in the district, but is is possible to form an 
estimate of this which should be sufficiently close for our purpose by 
determining in some detail the power that would be needed for the 
complete etectrification of the New Jersey division of the Pennsyl- 
vania Bailroad and using these results as a unit of measure which 
would apply to the other line& These calculations are given in Ap- 
pendix D-^, from which it appears that the maximum power required 
for electric operation under conditions for 1917 would have been 
about 125,000 Jdlowatts^r, if the power needed for operations in the 
immediate vicinity^ of Philadelphia were added, it would be found 
that the total requirements for Pennsylvania Bailroad lines between 
New York and Philadelphia and in southern New Jersey would be 
about 150,000 kilowatts. Seventy-five thousand kilowatts of this 
could be assi^ed to the Philadelphia district, 60,000 kilowatts to the 
Newark district, and the balance to territory outside these areas. 

18. A study of the railroad map for the Newark district indicates 
that the Pennsylvania Railroad lines constitute about 30 per cent of 
the total when reduced to a single-track basis. Assuming equal traffic 
per mile of track, the total power required for railroads would be 
200,000 kilowatts. As the traffic on the Pennsylvania lines is prob- 
ably heavier than the average of the others, this should represent an 
outside limit. All of the trolley lines of the district are operated by 
the Public Service Co. and required a maximum of about 75,000 kilo- 
watts in 1917. 

14. Summarizing the above, the total load for the Newark district 
for 1917 would 



Kll«watta. 
For Ughtlng 37, OOU 

For Industrial power ^ . ^^ 240,000 

For railroads and trolleys 275,000 

Total 552«000 
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The PubUc Service Co. carried 155,000 kilowatts of this load. 

PRESENT POWER REQUIREMENTS IN THE PHILADELPHIA DISTRICT. 

15. Lighting. — Following the same procedure as for the Newark 
district, it is found that the lighting load should be as follows : 

Kilowatts. 

Electric companies* commercial lighting load 35,000 

Electric companies* municipal lighting load 10,000 

From residences not served by the ^ectrlc companies 35, 000 

From office buildings, etc., not served by the electric companies 15, 000 

Total 95, 000 

16. The annual increase in demand from new residences should be 
800 kilowatts, or allowing for growth of office buildings, etc., this 
might reach 1,200 kilowatts. For details from which these figures 
are derived see Appendix D-2. 

17. Industrial power. — The figures given in Appendix D-4 indicate 
that the total industrial load for this district for 1917 should be 680,000 
horsepower, or 320,000 kilowatts maximum demand on a central sys- 
teni, of which the public utilitv companies are carrying approximately 
100,000 kilowatts maximum demand. The annual growth in load in 
this district is approximately 12,000 kilowatts. 

18. BaUroads and trolleys. — ^As indicated above the Pennsylvania 
Railroad lines in the Philadelphia district should require approxi- 
mately 75,000 kilowatts. An inspection of the railroad map and 
passenger time-tables show that these lines constitute about 50 per 
cent of the total, so that the total railroad load should be about 
150,000 kilowatts. The load from trolleys and electric railroads is 
about 120,000 kilowatts. 

19. The total load for the Philadelphia district would be: 

Kilowatts. 

For lighting 95, 000 

For industrial power 820, 000 

For railroads and troUeys 270, 000 

Total 685, 000 

The public utility companies carried 250,000 kilowatts of this load. 

PBBSBNT POWER RBQUIRBMBNTS IN THE LEHIGH DISTRICT. 

20. Lighting. — ^Aside from the lighting used in industry and in- 
cluded in the industrial load, the requirements for illumination in 
this district are very small and do not occur at the time of maximum 
demand on the electrical systems and can, therefore, be neglected. 

21. Industrial load. — ^By far the largest part of the power in this 
district is used in mining and transporting coal. There is probably 
no place in tiie country where there is a more wasteful use of fuel 
than in this region. • A large part of the demand is for pumping 
where inefficient steam pumps are used, which in many cases are 
supplied with steam through pipe lines a mile or more in len^h. 
The reason such operation has been tolerated is that the finer sizes 
of coal have been used in the boilers and have been considered until 
recently a waste product. Methods of burning this coal efficiently 
on a large scale have now been developed, and improvements are 
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beinff devised which should create a steady commercial demand for 
this low-grade coal. Stimulated by this demand, a sufficient number 
of collieries already have been electrified to demonstrate that great 
economies can be enected thereby, and it is believed that the process 
of conversion to electric operation will continue at a rapid rate. It 
is shown in Appendix D-6 that if all the mines are electrified and 
operated from a general supply system the maximum demand should 
be approximately 380,000 kilowatts and the saving in coal, after mak- 
ing lioeral allowance for electric operation, should exceed 6,000,000 
tons annually. 

22. The annual production of cement in this district averages 
about 24,000,000 barrels, or 80,000 ban-els on a maximum day. 
This calls for a very steady 24-hour demand, which tests show will 
average close to 0.76 kilowatt per barrel per aay , or 60,000 kilowatts. 
At present about 25 per cent of this load is carried by public supply 
companies. 

23. The largest consumer of power in the district is the Bethlehem 
Steel Co. This supplies most of its own power needs from the waste 
products of its blast furnaces. It also takes a maximum demand 
from the Lehigh Navigation Electric Co. of 10,000 kilowatts. 

24. Other miscellaneous industrial demands, as shown in Appen- 
dix D-7, amount to about 62,000 kilowatts maximum demana, ap- 

?roximately one-half of which is carried by the power companies, 
'his appendix also gives the annual production oi coal and cement 
for the district since 1900. 

26. Railroads and trolleys. — Assuming that 80,000,000 tons of coal 
would be hauled annuallj^ for an average distance of 50 miles before 
leaving the Lehigh district, the same method of calculation as given 
in Appendix D-5 shows that approximately 80,000 kilowatts maxi- 
mum demand would be required if all of the steam roads in the 
district were electrically operated. About 20,000 kilowatts additional 
would be required for the movement of passengers and miscellaneous 
freight, making the total 100,000 kilowatts. The records of the power 
companies in the southern half of the district show that the maximum 

Sower taken by the trolleys is 15,000 kilowatts. About an equal 
emand is required for those in the balance of the territory, giving a 
total of 30,()00 kilowatts. 

26. Summarizing the above, it appears that the total demand for 
power in the Lehigh district is as follows : 

Kilowatts. 

For coal mines 880,000 

For cement production 00,000 

For miscellaneous Industries 72,000 

For railways and troUeys 130,000 

Total 642, 000 

The public-utility companies carried 125,000 kilowatts of this load. 

FI7TUBB DBMAND FOR BLBCTRIC POWBB. 

27. The rate at which industrial and railway loads may be con- 
verted to electric operation from central station supply systems must 
be necessarily a matter of considerable uncertaintv; and^ further- 
more, no proper allowance can be made for the use of new appliances, 
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such as electric furnaces and heaters, in industry, the electrical weld- 
ing of ship plates, etc., and all estimates may oe materially altered 
if l^hiladelphia and Newark become great shipping ports. It seems 
futile, therefore, to attempt to speculate upon now much power these 
unknown requirements would involve. In the light of the above dis- 
cussion, however, it would appear that within the next decade the 
power companies should provide capacity in excess of the present 
total power demands in these districts, namely : 

KUowatt^ 

In the Newark district 552,000 

In the Philadelphia district 685.000 

In the Lehigh district 642.000 

28. The present capacity of the power systems available for sup- 
plying these demands, including additions under construction or for 
which plans are fully developed, are given below, together with the 
additional capacity that would be required to meet future needs. 



Newark district 

Philadelphia district v 

Lehigh (Hstrlct 



Capacity 
completed 
or pro- 
jected. 



AddlUonal 

capacity 

needed 

within 10 

years. 



KUo»aas, 
300.000 
500,000 
200.000 



KUotcattt. 
300.000 
200,000 
450.000 



SUGGESTED METHOD OF PROVIDING ADDITIONAL CAPACITY. 

29. In order that every incentive should be offered to industries 
and to the railroads to conserve fuel and labor by obtaining their 
power from the most efficient source, it is important that the public- 
utility companies should exercise the greatest economies in the pro- 
duction of their power and that they should provide adequate re- 
serve both in generator capacity and in distrioution circuits so as 
to insure reliability of service. In addition to the local construction 
contemplated by the various companies, the following methods are 
suggested for producing these results: 

By interconnection of systems. 

By construction of steam plants at the mines. 

By hydroelectric developments on the Delaware River. 

By hydroelectric developments on the Susquehanna River. 

30. Interconnection of systems. — ^There has been a growing tend- 
ency within recent years for neighboring companies to interconnect 
their systems, which has resulted in reducing the peak load, iix a 
more comprehensive use of the available reserve, and in improving 
voltage conditions. Within the territory under consideration a 
number of such projects are contemplated. It is proposed to run a 
hi^h-tension line from the Lehigh Navigation filectric Co.'s, cir- 
cuits at Hazleton through Wilkes-Barre to Scranton, a distance of 
45 mUes. Another line is projected and the right of way has been 
purchased for most of the distance which will connect Easton and 
Reading and tie into the Lehigh Navigation Electric Co.'s, system, as 
shown on the map on page 78. The northern and southern zones of 
the Public Service Electric Co. are to be tied together by a line be- 
tween New Brunswick and Trenton. 
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31. A much more extensive projeci is being investigated for con- 
necting the Philadelphia and New Jersey systems together and each 
of these to the Lehigh Navigation Electric Co.'s system. A study 
of the peak loads on these three systems during the winter of 1917-18 
shows that the combined peak, if such interconnection had existCKl, 
mieht have been 20,000 kilowatts less than the sum of the individual 
peaks, which would have resulted in a direct saving in this amount 
of capacity. This differeauce should mcrease as the systems grow, 
and when taken in connection with the saving in reserve required 
with interconnection the total might ultimately reach 100,000 kilo- 
watts. 

32. As noted above, an interconnection between the New Jersev 
and New York circuits was being made as a war measure. It is dif- 
ficult, however, to obtain full oenefit from such an arrangement 
during normal times, as the principal circuits on the New Jersey 
side operate at 60 cycles while the frequencies in New York are 25 
and Q2i cycles. 

33. Steam plants at the mines, — ^There are obvious advantages 
from an economic point of view in generating power at the mines 
and delivering it to the market by means of transmission lines in 
preference to Raiding the coal to the market over the congested rail- 
ways, which consume more coal before it is transformed into elec- 
trical energy. In order, however, that this question should be thor- 
oughly understood in connection with the generation of power in 
the anthracite field of eastern Pennsylvania, there are a number of 
points that should be considered. In the first place there is the 
question of the grade of coal that can be successfully used. It has 
been found that with specially designed grates and with Coze stok- 
ers it is possible to use No. 8 buclnvheat and smaller sizes, 30 per 
cent of which will pass through a one-thirty-second-inch screen. 
Under these conditions about 6 pounds of steam may be evaporated 
per pound of coal. This is about as poor a grade of coal as can be 
considered practical at the present time, though improvements con- 
tinue to be made tending toward the use of smaller sizes. Very 
promising investigations are being made upon the use of powdered 
coal for fuel, but these can not yet be considered as having passed 
the experimental stage. 

34. There is next the question of the quantity of this coal that is 
being produced. The percentage of the smaller sizes varies in the 
different districts, being highest and of the best Quality in the south- 
western part of the field. Figures showing the relative sizes, as given 
below, were obtained from one of the larro operators having mines 
in each district and should, therefore, m representative of the 
average: 

P«r cent. 

Broken 8.3 

Egg 10. 6 

Stove 14. T 

Nut 22. 8 

Na 1 bTClwh€»tII™IIJII™~-.II LUI 16*9 

No. 2 buckwheat 9.8 

No. 3 buckwheat 8.9 

No. 4 buckwheat 1.6 

loao 
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36. These only cover the product that was sold. No record was 
kept on the refuse nor of the quantities of each size used for power 
at the mines, although it is known that no coal was used for power 
larger than No. 2 buckwheat, and most of it was smaller than this. 
From these and other data it would seem that about 20 per cent of 
the total production may be taken as the amount of No. 3 and smidler 
sizes suitable for power purposes that will be produced on the aver- 
age. This means that the annual production of such. coal in the 
anthracite region would amotmt to about 16,000,000 tons. More 
than one-half of this is now bein^ used at the mines for power, but 
with electric operation there shomd be at least 14,000,000 tons avail- 
able for other purposes. 

36. Closely associated with this question of available supply is 
that of the relative value of the product. If it was on an equality 
with bituminous for power purposes, it could undoubtedly com- 
mand an equal price, with such differential as might be necessary 
for freight, but as the analysis of this grade of anthracite will show 
about 11,000 B. t. u. and over 18 per cent ash, while the bituminous 
used in the East for power purposes should give 14,000 B. t. u. and 
about 9 per cent ash, it is evident that it is not sufficient to place 
them upon an equal heat basis, but the anthracite price must be 
further discounted because of the fact that the power plant de- 
signed for burning bituminous would require 26 per cent less boilers 
and coal-handling equipment and 50 per cent less ash-disposal 
apparatus. The anthracite also reauires rather more careful watch- 
ing, especially with fluctuating loads, on account of its being low in 
volatiles. For this reason it has been proposed to use a mixture of 
anthracite and bituminous, although this has not been done to any 
great extent. The price which may be obtained for this coal is of 
course largely controlled by the demands of the market and it is 
interesting to note in this connection that 10 years ago a mixture of 
No. 2 buckwheat and smaller sizes could be purchased for 26 cents 
per ton at the mines, and that as methods were developed for the 
economical use of sucn f ud the price increased until it was quoted as 
high as $2.60 per ton during trie war. At present the problem of 
disposing of this coal is causing the operators a good deal of con- 
cern. This may retard the electrification of these mines as the prin- 
cipal obect of tnis is to release more of this low-grade fuel. On the 
otner hand, the conditions should be favorable for a power company 
desirins to construct a large plant in the coal fields to obtain coal at 
a sufficiently favorable price on the basis of a long-term contract to 
justify such a development. 

37. The selection of a proper site for a plant of 160^000-hilowatt 
capacity, which is an economical size to consider m this con- 
nection, should be governed largely by the adequacy of the coal and 
water supply. Such a plant would require about 2i pounds of this 
low-graoe fuel per Mlowatt hour, and if opera/ted at 60 per cent load 
factor would consume B60,000 tons annually, or if the load factor 
could be increased to 70 per cent, the annual consumption would readi 
1,000,000 tons. As shown in Appjendix D-6, there is no single group 
of mines having an output of this amount, assuming 20 per cent of 
its total produdtion could be utilized. In some localites the culm 
banks would reenforce the supply, but these have now been so thor- 

710S— 21 ^15 
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oughly worked over that their presence could not materially affect 
the choice of site for a plant of the size contemplated. Local trans- 
portation would therefore, be required for part of the fuel. The 
freight rates that have been filed with the Interstate Commerce Com- 
mission by the coal-carrjing roads show that the rates on coal within 
a 10-mile radius average $1 per ton. Under favorable conditions, this 
might be reduced either by the public carriers or by the construction 
of private lines. lit any event, however, it is an important matter to 
consider in connection with the coal supply. 

38. The water conditions in this territory impose further restric- 
tions upon the selection of a site. It is necessary not only that there 
should be an abundant supply of cool water for the condensers, but 
also that the boiler feed should be uncontaminated by the mine water 
which contains sulphur and is unsuitable for the purpose. In the 
ultimate development of a comprehensive power system for this ter- 
ritory, the most satisfactory arrangement would probably be to 
locate one large plant in the Wilkes-Barre district^ one on the Susque- 
hanna River near Lykens, and a third on the headwaters of the 
Schuylkillj although it may be found that limitations in water supply 
and the high cost of local transportation for coal will lead to the 
construction of a larger number of plants of smaller individual ca- 
pacity, which will be more widely distributed throughout the district 
and connected together by transmission lines. 

39. When it comes to the question of the supply of power from 
the coal fields to the Newark and Philadelphia districts, it should be 
noted that aside from the matter of transportation there are many 
advantages in building the plant near the city, especialljr in the fact 
that coal may be drawn from a much wider territory without addi- 
tional freight charges and also bituminous coal would be avaUable 
in an emergency. The water conditions are also more favorable, 
as well as the market for labor and supplies. It must also be recog- 
nized that the reliability of service is greater from a modern generat- 
ing plant located near the consumer than at the end of a long-dis- 
tance transmission line. It is difficult to evaluate such matters, but 
it is possible to obtain a direct comparison between the net cost of 
freight charges for the long haul on the coal in one case and the cost 
of the energy loss and fixed charges on the transmission lines re- 
quired in the other. This has been done in Appendix D-8. The 
transmission-line costs are based upon copper at 17 cents and steel 
at 6 cents. The allowance that has been made for freight charges 
in the case of the long haul has been determined by deducting from 
the total the cost of local transportation required for a plant located 
at the coal fields. This is subject to some uncertainty, as it depends 
upon the location of the local plants with reference to the coal sup- 
ply, but, as indicated above, the char^ for local freight is $1 per 
ton and the charge from the center of the district to either Phila- 
delphia or Newaw is $1.80 per ton, with the possibility of a reduc- 
tion aft^ the reconstruction perioa. Bemiembering that it will not 
be necessary to haul the entire supply to the plant at the mines, a 
difference of $1 per ton as used in the estimate should be conserva- 
tive. On this basis it is seen that for load factors less than 75 per 
cent it would be more advantageous to build the plant near the 
market than at the mines, but it such transmission lines could be 
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kept well loaded up to their capacity for 24 hours a daj and at the 
same time they could be utilized to obtain the benefits of iatercon- 
nection referred to above, their construction would be fully justified. 

40. The following conclusions may be drawn from the aoove dis- 
cussion, that as a niel conservation measure it would prove of the 
greatest value to electrify the mines in this region, saving thereby 
over 6,000,000 tons of coal annually ; in order that this should be ac- 
complished, it would be neojes9ary to find a market for the coal re- 
leased. This could be accomplished by building large genetatiiig' 
plants in the coal fields to serve the mines and at the same time demon- 
strate on a large scale that this low-grade anthracite is suitable for 
general power purposes. With the construction of such plants, in- 
terconnecting transmission lines should be built to Philadelphia and 
Newark, which would be utilized for transmitting a large quantity 
of power from the coal fields at slightly less cost than it could be pro- 
duced locally and with considerabfe saving in rail transportation. 

SYnROBLSCTRIC DSVEU)PM£NTS ON THE DELAWilRE RIVER. 

41. The Delaware River has not proved favorable up to the present 
for the development of hydroelectric installations on account of 
having an extremely low-water period during the summer. However, 
consideration has been given to the control of the flow by means ox 
reservoirs at the headwaters of the river and its tributaries whereby 
a large amount of power could be obtained throughout the driest 
seasons. 

42. A comprehensive study of the power possibilities of the Dela- 
ware on this basis was made by Dr. Louis Duncan and Henry A. 
Pressey, and later thoroughly checked and substantially confirmed 
by George A. Orrok of the New York Edison Co. (report of Feb- 
ruary, 1913). The general plan is to utilize the fall of the Delaware 
for about 125 miles of its length, from Hancock, N. Y., to below Bel- 
videre, N. J. Within this distance there is a fall of 676 feet, of which 
527 feet will be utilized by the construction of 10 power plants, giving 
a minimum output of SOOjOOO horsepower for 12 hours a day, or t^p- 
proximately 990,000,000 kilowatt hours for a year of minimimi flow. 
The location of the proposed reservoirs and power plants are shown 
on the map on page 78. Six reservoirs are to be provided, having 
40,000,000,000 cubic feet capaci^. These will govern the river flow 
so as to make it practically uniform throughout the year and elimi- 
nate flood conditions. The total drainage area of the river to Belvi- 
dere is 4,376 square miles, of which — 

2, 405 square miles are in the State of New York. 
829 square miles are in tlie State oi New Jersey. 
1, 647 square miles are in the State of Pennsylvania. 

» 43. Becords of rainfall and rim-off have been kept at a sufficient 
number of points to give a fairly accurate history of the water con- 
ditions of tne river for the last 60 years. These ^ow that the mini- 
mum flow occurred during 1910 ana the minimum annual production 
of 990,000,000 kilowatt hours is based upon conditions for that year. 
During an average year considerable secondary power could be pro- 
duced in addition to the above. The following data have been taken 
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from Mr. Orrok's report regarding the reservoirs necessary to control 
the flow and give the desired output during the driest seasons : 



Reterroir. 



OBimonsTlUtf 

C«do8ia 

East Branch 

Colchester 

Livingston MaDor. 
ShohoM 



Total. 



Drainage 
area. 



8q, mila. 
460 
000 
520 
480 
73 
61 



Capacity. 



Cubkffd. 
12,000,000,000 
5,000,000,000 
7,000,000,000 
8,000,000,000 
3,000,000,000 
5,000,000,000 



40,000,000,000 



Height 
of dam. 



Fed. 
150 
100 
120 
100 



100 



Costof oon- 

stniction 

exehisire 

of lazid. 



$780,000 
571,000 
340,000 
375,000 
188,000 
100,000 



2,348.000 



44. The New York State Water Supply Commission have studied 
the Cannonsville site and have proposed the construction of a 120- 
foot daiJi lit this point purely for the sake of the water control. All 
the other dam sites both for the reservoirs and power plants have 
been investigated by competent engineers who report that no unusual 
Strtfctural difficulties should be encountered. 

. ' 45. The banks along most of the length of the river covered by 
^hese developments are high above the natural water surface so that 
the amount of land flooded by the construction of the power dams 
would be' small. The railroads are in general well above the level of 
the proposed dams except along the East Branch, where it would be 
necessary to elevate the single track line of the Delaware & Eastern 
Railroad for about 15 miles. 

'46. The reservoirs are desimed to provide a minimum flow of 2,670 
second-feet at Hancock, which will be increased by the natural flow 
of the unstored tributaries and by the reservoirs below Hancock and 
above the various power sites in such a way that the power indi- 
cated in the f ollowmg table mfnr be developed for 12 hours per day 
throughout the year. These ngures assume an over-all emciency 
of 66 per cent. 



NaofitattoD. 



Normal 
mflngof 
station. 



Normal 

ratiaf.of 

appaiatiis 

installed 



Fall. 



Beiiht 
of dam. 



Length, 
ofoanal. 



Drminai* 



1 

3 

3 

4 

6 

6 

^!::::::::::::::::::::: 

»v--v 



31,000 
tt,000 
00,000 
58,000 

28,500 

S,000 
000 
30,000 
90^000 
61,000 



3H50O 
270,000 



jsr.p. 

24,000 
60,000 
70,000 
60,000 
40,000 
32,000 
34,000 
33,000 
34,000 
60,000 



436,000 

318,000 



40 
05 

100 
8S 

600 
40 
30 
42 
38 
07 



Fe§L 

30 
60 
75 
47 
. 100 
40 
30 
29 
10 
45 



? 


2 



Acre*. 
1,^« 

i,ns! 

2,7W, 
2, SMI 
IM 
3,474 
3,531 

3,.S3I 

4.37S 



47. The estimated cost of diis complete development based upon 
prewar conditions is $81,500,000 as shown in Appendix D-9. This is 
approximately $100 per kilowatt of installed capacity, or $140 per 
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kilowatt delivered after maldii^ liberal allowances for reserves and 
transmission looses. These estimates have not been checked and 
undoubtedly would not hold under present conditions, but it does 
not seem necessary to bring them up to date as it is proposed to 
construct at present .only two reservoirs, those at Cannonsville and 
Shohola and power houses No. 2 and No. 4. This construction 
should furnish 120,000 horsq>ower of installed capacity or 75,000 
kilowatte delivered for 4,000 hours during a di^ year. A recent 
estimate' for the cost of this part of the work and including hmd 
and rights for tiie complete development is $12,000,000. The esti^ 
mated returns upon this investment appear ample to attract private 
capital to the enterprise as soon, as Congress acts upon the water 
power bill now pending or releases its hold upon power develop- 
ments upon navi^ble streams which has been enforced during the 
discussion of the. oill. 

PAUPACK DEVELOPMBNT. 

48* Closely associated with these Delaware developments, 'but 
under the control of different interests, is the Paupack prpiect. Ii^ 
this case, by the construction of a 60-foot dam, it is possible to oH- 
tain a reservoir of 8,500,000,000 cubic feet capacity tor a drainage 
area of 238 square miles. From records fumisned by L. B. Stillwell 
it appears that for a jear pf aver s^e. rainfall it shquld be possible to 
utilize the entire run-off and develop &OjOOO,000 kilowatt hours oii 
the basis of the maximum head, or about 70,000,000 kilowatts with 
the average available head. Allowing for trans^lission losses, this, 
would equal about 65,000^000 kilowatt liours delivered. , The site for 
the power plant is 25 miles from Scranton and a connectipn cou^c^ 
readily be made with the proposed transmission line betweeii Scran^, 
ton and Hazleton, thus malang this power available for the whole 
district. ' , , 

49.. A study of load curves of the power companies serving this 
territory show that there are no great seasonal changes in the load 
and that the peaks may occur at any time during the eight-hour 
working day. As the loads are light on Sundays and holidavs^' 
PaupacK should be developed to carry as much load as possible for 
eight hours per day, 300 days per year. This would correspond to. 
approximately 27,000-kilowatt average load. In order that Paupack 
should be capable of taldng such peaks as might occur above this 
avera ge, the plant should be designed for 40,000-kilowatt capacity. 

50. lyithout attempting great refinement in estimating the cost 
of this development, it appears from figures prepared by private 
engineers in 1916, as shown in Appendix y-10, that the total cost of 
a 40,000-kilowatt plant, including transmission line to Scranton but 
exclusive of cost of property, would be approximatelv $79.50 per 
kilowatt, and that the c(^t of energy delivered, including fixed 
charges and transmission losses, would oe 5.8 mills per kilowatt hour. 
This is certainly a low figure iot the cost of power, remembering that 
it is purely a peak load at a load factor pf about 20 per cent. 

51. The Paupack project might be justified under the conditions 
named above upon its own merits, but when taken in connection witl^ 
the Delaware developments, it becomes still more valuable, for the. 
discharge from the Paupack reservoir would contribute materially 
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to the capacity of all but three of the plants proposed for the 
Delaware. In the ultimate development, all of these hydroelectric 
plants should be operated as a single system and be interconnected 
with large capacity transmission lines to the coal fields and the 
Philadelphia and Newark districts. They should carry the dajr loads 
to the maximum of their capacity. The same transmission circuits 
should be utilised to carry off peak power from the coal fields to the 
cities. The hydroelectric plants would thus be operated under their 
most farorabie conditions; the steam plants at the coal fields, where 
the conditions are favorable for proaucing cheap power, would be 
CMrated at high load factor; the load factor of the transmission 
Hnes would also be high, thus minimizing the cost of capital charges 
upon the transmitted power and the minimum amount of coal would 
be burned at' the cities. 

52. It has been assumed above that all of this transmitted power 
would be absorbed in the Newark and Philadelphia districts, but with 
comparatively little additional complication^ due to differences iii 
frequency, power might also be delivered to hew York. 

53. There are further possibilities of obtaining additional power 
from the Keversink, Sbohola, and other tributaries of the Delaware, 
but these may be considered as future developments of the general 
scheme outlined above. 

HYDROELECTRIC DETELOPMENTS ON THE3USQUE»ANNA RIVER. 

54. In order that the capacities indicated above as needed for these 
districts should be provided without having a preponderance of steain 
plants, it would Be desirable to develop additional hydroelectric 
power on the Susquehanna. Plants are already in successful opera- 
tion on this river at Yoi^ Haven and Holtwood, the former serving 
Harrisburg and York, and the latter Baltimore and Lancaster. It 
is proposed to construct a larger plant than either of these at Cono- 
wingo, near the mouth of the river. For location see map, page 7S. 

. JTiis projj^ )9fis been gtujdied by a number of enrineers during the 
past 15 years so that the general features are wellimderstood. The 
stream-now data as determined by the United States Geolo^cal Sur- 
vey covers a period of 26 years. The records of the operation of the 
plant at Holtwood also furnish valuable information regarding the 
power possibilities at this site. 

55. The river flow varies from a minimum of 3,000 second feel: tu 
600,000 second feet ^th an average during a normal year of about 
60,000 second feet. The Holtwood plant operates under a head of 
45 feet minimum and 65 feet maximum. With a rated capjacity of 
82,000 kilowatts, the plant has carried peaks of 86,000 kilowatts. 
Twenty-one thousand second feet are re<juired for full capacity* so 
that only about 15 per cent of this capacity can be obtained diirinp 
the driest periods. Much the same conditions will prevail at Coiio- 
wingo where it is proj)osed to develop a somewhat higher head and 
install about 120,000 kilowatts generating capacity. The records it 
Holtwood for 1917, which is the first year in which there has been a 
market for their power at all times, show that the capacity is re- 
stricted for a comparatively small part of the year, as the yearly 
load factor was 70 per cent. The total production for 1917 was 
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517,000,000 kilowatt hours, and it is estimated that for Conowingo 
for like river conditions the output should be 700,000,000. 

56. The dam at Conowingo would back up th^ water to the tail- 
race at Holtwood. The river banks are fairly steep for most of the 
distance, so that comparatively little land would be flooded. The 
most serious difiiculty to be encountered would be the relocation 
of the railroad, which follows the eastern bank of the river, and the 
best method of providing for this apparently requires further inves* 
ligation* Estimates prepared by private engineers for the cost of 
the development are given in Appendix D-11. These indicate that on 
the basis of prices prevailing in 1917, the total cost, including trans- 
mission to Philadelphia, would be $17,293,000, or $148 per kilowatt of 
installed capacity. On the basis of an annual production of 
700.000,000 kilowatt hours, or 630,000,000 kilowatt hours delivered, 
it snould be possible to deliver this power in Philadelphia at a cost 
of approximately 3 mills per kilowatt hour. This is river flow 
power, varying in amount with the seasons and river stages. 

57. With the Conowingo development it would be possible to ar- 
range for an interchange of power between Philadelphia and Balti- 
more. This could not he done by direct interconnection of circuits 
on account of the difference in frequency, but by placing 60-eycle 
generators at Holtwood in addition to the present 25-cycle machines, 
and installing both 25-cycle and 60-cycle units in Conowingo and 
interconnecting the two plants, considerable flexibility could be pro- 
vided for ^ftine load between the two districts. 

58. In order that the hydroelectric developments on the Susque- 
hanna should be utilized to better advantage tnan is possible at pres- 
ent, it is desirable that storage reservoirs such as suggested for the 
D^aware should be constructed, which would regulate the river flow 
and provide the requisite amount .of water to obtain full capacity 
during dry periods. These reservoirs could also be arranged so as 
to provide additional power locally, which could be utilized to ad- 
vantage in the district. 

CONCLUSIONS. 

59. In order to provide for the rapidly increasing needs in the 
Newark, Philadelphia, and Lehigh districts for electric power both for 
industrial uses and for the electrification of railroads, there should 
be provided during the next 10 years approximately 900,000 kilo- 
watts in generating capacity, in addition to jthe new construction 
already undertaken or for which plans have been developed by the 
public utility companies serving these communities. Under the plans 
recommended in this report, this capacity would be made up of hydro- 
electric power from the Delaware and Susquehanna Bivers and steam 
plants at the anthracite mines, all of these reenforcing the steam 

Elante constructed near the local power markets which in general 
urn bituminous coal. These plants would be well distribute over 
tfie territory and thoroughly interconnected by a comprehensive dis- 
tribution system in such a way as to efficiently utilize the capacity of 
the distribution circuits with the minimum expenditure for trans- 
mission lines. This should not only provide cheap and reliable power 
throughout the entire territory under normal conditions, but should 
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give the maximum flexibility to meet emergencies, for the i>ower 
would be derived in approximately equal amounts irom bituminous 
coal, anthracite coal, and water, and with the proposed transmission 
sjrstem, the reserve capacity of the entire network could be utilized 
for any district and lar^e quantities of power could be delivered at 
any congested point without the use of rail transportation. Such a 
system should greatly assist in the industrial development of the com- 
munity and by stimulating manufacturers and mine operators 4o 
abandon their m^cient isolated steam plants should result in a large 
conservation of fuel and labor. 

MAiiOoiiM MaoLabek, 
Major^ Efiffineers^ United States Army, 
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Population in New Jerseif — Netonrk ilinlriH. 

CITIES ABOVE 26,000.^ 



Bayonne 

East Orange... 

Elizabeth. 

Hoboken 

JofwyCity 

Newark 

Orange 

Puaale^ 

PatowML. 

Perth Amboy. 
West Hoboken 



1910, from 
oeDflos. 



55,545 

S4,371 

73,409 

70,824 

267,779 

347,460 

29,630 

54,778 

125,000 

32,121 

85,408 



1,126,414 



1917 Cen- 
sus Bureau 
estimate. 



72,204 

43,761 

88,830 

78,884 

312,557 

418,780 

33,636 

74,478 

140,512 

42,646 

44,386 



1,350,113 



Numlwr o l 

dwellings 

in 1910. 



6,147 
6,108 

10,090 
4,483 

27,805 

38,608 
4,391 
5,135 

15,812 
4,209 
8,723 



126,646 



CITIB8 10,000 TO 25,000.> 



Bhxnnfleld 

Qarfleld 

Hackensack.... 

Harrison. 

Irrlngton. 

Kearney. 

liontdair 

New Brunswick 

Plainfleld. 

tinian 

West New York 
West Orange... 



15,070 
10,213 
14,050 
14,408 
11,877 
18,689 
21,550 
23,388 
20,550 
21,023 
13,560 
10,980 



195,418 



19,013 
15,100 
17,412 
17,345 
16,710 
24,326 
27,087 
25,855 
24,830 
25,370 
19,613 
13,964 



240,128 



2,661 
1,376 
2,685 
1,660 
1,091 
2,676 
3,470 
3,868 
3,928 
2,425 
1,643 
1,817 



80,206 



> 20.1 per cent increase in 7 years. 2.87 per cent per year; 3|579 dwellhigs inorease per year. 
< 26 per cent Jnorease in 7 years, 3.71 per cent per year; 1,170 dweUhigs increase per year. 

CITIES 2,500 TO 10,000.» 



12 towns. 



* Ai]ow4Der cent per year, giving 384 new residences per year. 




9,615 
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Population in New Jersey — Newark district — Continued. 

TOTALS. 



Cit fes above 25,000. . . 
Cities 10,000 to 25,000 
Cities 2,600 to 10,000. 



1910, from 

rBTWlS. 



1,126,414 
105,418 

63,igo 



1,375,022 



1017. Cen- 
sus Bureau 
•stlmate. 



1,350,113 

246,128 

66,317 



1,651,553 



Number of 

dwellings 

in 1910. 



126,546 

30,208 

9,615 



166,360 



Newresi- 
3rear. 



3,579 

1,170 

3ft4 



5,133 



5,133x7-35,031 dwellings increase in 7 years, or 202,300 total in 1017. 

Population in PhiJ^idelphia district.^ 



Chester 

Philadelphia.. 

Bristol 

Camden 

Trenton 

Gloucester.... 
Burlington... 



1010, from 
census. 



38,537 

1,640,008 

0^256 

04,538 

06,816 

0,463 

8,336 



1,805,963 



2,080,687 



1017. Cen- 
sus Bnnau 


Number of 


dwellings 


estimate. 


In 1910. 


41,867 


7,7W 


1,736,614 


206,290 


10,836 


1,746 


108,117 


20,280 


113,974 


*^'lffi 


11,876 


3,068 


0,034 


1,864 



846,848 



1 13 per oflDt increase in 7 years, 1.86 per cent per year; 6,450 dwellings increase per year. 
346,848 dwellings in 1010 increased by 13 per cent gives 302,000 dwellings for 1017. 

BSTIUATB OF LIGHTING LOAIK-NEWABK DlfiTTRICT. 

Annual Report of Public Service Corporation for 1017 shows meter connec- 
tions, total number . « 

Deduct for power customers . 

Deduct for lighting customers — southern zone 



159. 131 
a. OOP 

166. lai 

20.000 



Total lighting customers — Newark district 186, 131 

Power used for commercial lighting during November. 1917. in Newark 

district was (kilowatt hours) 8, 270. 000 

This gives an average load of (kilowatts). 



On tfais'bttsfrtbv lig h t in g tosd at tlie time of the system peak should be about 
(kilowatts) 



11.500 
26.000 

Average load for lighting customer 25,000,000 watt8-t-18ai31 equals 183 watts. 

As meter connectioiis to apartments, offices, stores, etc., are included In the 
above, it is probable that the strictly residential connections in the Newark 
district total about 100,000. 

The census report shows approximately 200,000 residences for the district, 
which leaves 100,000 not connected. The load from these at 5 p. m., the 
time of the peak, should average about 125 watts, which gives a total demand 
of 12,500 kilowatts. 

The annual increase In demand from new residences should be 5,133X 0.125 =» 
640 kilowatts. 

BSTIMATB OF LIGHTING LOAD— PHILADELPHIA DISTBICT. 

The number of residential customers is approximately 110,000, leaving about 
202,000 not connected, which at 125 watts would require 35,000 kilowatts. 

The annual Increase In demand from new residences should be 6,450X0.125= 
800 kilowatts. 
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Affenoix D-3. 



INDUSTRIAL STATISTICS. 

[From Census Bureau Abstract for 1914.] 
NEWARK DISTRICT. 



Itayoime 

nioomflold 

Fast Orange 

Elisabeth 

<}arflal<L 

Haekensack 

Harrison 

Hoboken , 

Jersey City 

Keamv , 

Montiaair 

New Brunswick 

Newark 

Orance 

Pa'vaic 

Paterson 

Perth Amboy... 

Plainfleld 

Union 

West Hoboken.. 
West New York 

Total 



Primary horse- 
power. 



1914 



33,323 

8,353 

3,379 

25,520 

8,674 

1.343 

15,9^1 

14,429 

49,0% 

10,409 

1,132 

9,619 

100,466 

2,906 

81,701 

34,017 

48,968 

4,064 

2,996 

2,399 

2,455 



410,972 



1909 



28,004 

6,031 

1,087 

20,124 

5,410 

1,021 

8(881 

10.613 

35,917 

7,235 

918 

6,337 

78,203 

2,812 

23,096 

34,989 

29,7K7 

3,912 

1,829 

1,477 

1,443 



808,721 



Value added bv manufactrrers ex- 
pressed fn thousands. 



1914 



820,525 

4,998 

3.018 

14,921 

4,748 

1.201 

10,603 

12,755 

52,746 

6,666 

439 

8,247 

97,163 

2.619 

22,328 

37.799 

13,215 

2,248 

3,375 

8,7n 

3,916 



396,300 



1909 



114,709 

3,594 

1,957 

12,718 

2,919 

1,079 

8,129 

10,050 

39.458 

4,409 

357 

5,456 

87,261 

3,017 

16,970 

34,627 

14,521 

2,119 

3,405 

3,069 

1,865 



270,609 



1904 



$13,650 

» 2,740 

1.219 

12,320 

> 1,790 

1830 

4.780 

7,497 

26.942 

923 

202 

4,759 

89,366 

U.540 

9,673 

27,232 

U1,000 

2,418 

2,120 

2,825 

11,430 



205,356 



1899 



$4,807 

12,030 

1.17« 

9,948 

11,100 

1020 

2,885 

5, 457 

22,664 

023 

278 

2,797 

51,956 

11.140 

5,387 

23,447 

17,300 

1,028 

1,905 

2.240 

11,060 



150.734 



PHILADELPHIA DISTRICT. 



Chester 

Philadelphia 

Camden 

Trenton. 

Total. 



19,160 

465,078 

39,670 

36,219 



560,727 



17,131 

365,706 

29,056 

29,839 



441,724 



No records; figures estimated from average for district. 



•7,920 

333,308 

35,730 

24,879 



400,832 



•7,797 

315,870 

21,754 

21,442 



366,863 



•3.223 

258,036 

13,164 

14,809 



292,232 



•8,369 

224,807 

7,528 

11,877 



250,571 



The loads carried by individual manufacturing plants fluctuate in most cases 
over wide limits, and the Instantaneous sum of the loads from a group of such 
plants will be always much less than the sum of the indiyidual maximum loads. 
It has been found by electrical t^upply companies that except in special cases on 
the average the Installed capacity or connected motor load of the individual 
plant expressed in horsepower should be divided by 2 in order to obtain the 
generator capacity in kilowatts required at the central station to supply its 
demand. It is important to keep in mind this distinction between '* installed 
capacity " or " connected load " and the corresponding * demand " on the power 
system when considering industrial loads. 
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Growth in Industrial Load 
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Appendix D-6. 



BflmfATB OF FOWEB BBQUIBED FOB ELBCTBIC OPEBATION OF PEyNSTLVANIA 

B. B^ MEW JEB8ET DIVISION. 

The annual report of Pennsylvania Railroad gives the following figures re> 
garding <^;>eratlons on the New Jersey division during 1917 : 



FraMit: 
Toti 



otal miles of line. 



543 



Namber of tons carried (revenue) 

Number of tons carried (nonreveiiae). 

Total 



44. 688, 902 

1. tSo. 614 



2. 



47, 897. 516 
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Freight — Continued. 

Net ton-miles (revenue) 2,306,287,080 

Net ton-milee (nonrevenne) 72, 602, 006 

Total 2.878,789.086 

Total train miles 8, 474, 962 

Average net load per train —tons 686. 10 

Average net load per car . do 27. 41 

Average miles each ton was carried ... . 61. 67 

Average number of loaded can per train. . 24. 23 

Average number of empty cars per train.. 10. 68 

Passenger service: 

Total passengers carried.. . . 42, 898, 648 

Total passeilger miles . 1, 088, 866, 989 

Passenger trwn miles . 9, 497, 840 

Average distance traveled per passenger. .. . miles 24. 49 

Average number of passengers per car... — . . 23. 00 

ESTIMATE OF POWER BEQUIBED FOR FREIGHT HAtTLAOE. 

The above figures show that the number of cars for the average train, including 
empties, Js 34.76. The average weight for refrigerator cars, which may be taken 
as typical for the service, is approximately 22 tons. 

Tons. 

Therefore the tare weight of the averaoe train is . 764. 7 

Weight of load for average train as above 686. 1 

Total weight of average train.. . 1, 460.0 

Total gross ton-mile for freight is 1,450X3,474,962=5,088.694,900 ton-miles. 

The records for the electrified section of the New York, New Haven & Hart- 
ford Railroad where conditions are similar to this division show that 0.035 
kilowatt hour per ton-mile of trailing load is for fright operations, 
Theicefore -the total* power per year for New Jersey division would be 
5,038,694,900X0.035=176354,321 kilowatt hours. 

If the freight movements were distributed uniformly the daily load on this 
basis would be 488,135 kilowatt hours. 

On account of seasonal changes and other causes the maximum day which 
would determine generator capacities would be about double this figure, or 
966,270 kilowatt hours. 

ESTIMATE OF POWEB BEQVIBED FOR PASSENGER SERVICE. 

From above data It appears that the average number of passenger cars per 
train is 4.7. Other statistics show that allowing for baggage and express cars 
the average number of cars per passenger train would be 6, each weighing 
about 50 tons with load, which ^ves S500 tons i)er train, exclusive of loco- 
motives. 

The total passenger ton-miles would, therefore, be 300X9,474,840=2,849,352,000 
ton-miles. 

The New York, New Haven & Hartford Railroad records for passeng^ 
service show that 0.055 kilowatt hour is required per ton-mile of trailing load. 

Therefore the annual power for passenger service would be 2,849,352,000 X 
0.055=a56,714,860 kilowatt hours. 

Sundays and holidays may be omitted in determining the power required for 
a typical day, which would be 156,714,360-5-300=522,381 kilowatt hours. 

ESTIMATE OF MAXIMUM DEMAND ON SYSTEM. 

It is not necessary to assume that the maximum freight and passenger de- 
mands would occur simultaneously, as the maximum traffic of the two classes 
come at dlflferent seasons. The maximum demand should therefore be estimated 
by combining the kilowatt hours for the maximum day for freight with the 
power for typical day for passengers as follows: 966,270+522,381=1.488,651 
kilowatt hours. 

Under these conditions the load factor should be approximately 50 per cent. 

Thus giving a maximum demand of 1,488,651-*- (24X0.5) =124,054 kilowatts. 
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Ap^ndix D-^. 
betlllatb of power bequibcd fob coal wnsb— anthracite district. 

[Data taken from retort of Departnunt of HInea for PesnsrlTiuila for 1916.] 
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Prom a nnmber of tests and InvestlgatJotiB upon mines In this district, tt 
apepars that abont 17 kilowatt houre la required per ton of coal produced end 
that the load factor sbonid be aboat 40 per cent. On this basis the annnal 
pow-er requirements If all mines were electrified would be 17 X78,289,8&1= 1,330,- 
800,000 kilowatt hours and the maximum toad would be 380,000 kilowatts. 

Amount at coal now uled for pdwbt la approiimatelr 8,800.000 

Amount required with electrlOcatiOD, allowing 2} pounds fer ktloiratt hour 1. BOO, 000 

Ooal saTed bf elertrtflcatlon 6,800.000 



Afpemdiz D-7. 
wbcbllanbodb ind1mtrui. load— lbmoh dibtrict. 
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The above Qgures show an aiinual Increase In primary power of 4,000 horse- 
power. Therefore the total power in 1917 ehould be approximately 124,000 
liorsepower cotmected load or 62,000-kllowntt demand. 

Production of coal and ccment—Lehii/h dittrict. 
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Appendix D-8. 

g08t op blecibical thansmssion compared with coal transpoktation 
15«,*m kilowatts transmitted » milbg ism** volts. 

Cost of llDe. two ladependeot tower Ilnw, two dreuita each, at 112^00 p«i 

mile ot alDsle line 12. 000, 000 

Ktpp-ap transtormer BnbBlntlon at |8 per Ulowatt 1.200.000 

Step-dawn traniformer niliBtHtlOB at f 8 per kilowatt 1, 200, OW 

Cost of clectTical tranamiiHion. 
Operating coata : 

Transmlaaian line — 

PatrolllDK 160 mllea of line at |12B 20.000 

UalDtenance 180 mllea of Una at (200 B2, 000 

SabitatloDS — 

Maintenance and operation, two nibitaltonB 80, 000 

Flipd cbarrn : 

10 per cent of (4,400.000 440.000 

Loues. ID per cent of generated power : 

1K0.000 kilowatts— ft per cent load factor— B80.B0O,0O0 Ulowatt hour*. 

10 per cent— 9S,SS0.O0a kilowatt boon at 6 mtlli 493. 750 

Total annnal cost 1,014,760 

Co<t of trantporting coal. 

989.600,000 kilowatt hoarB - 96.000,000— BS^BSO,000 kilowatt boors. 
At 2| pounds low gTBde antbradte per kilowatt boar— 989,8S0 tons. 
At tl per ton difference In fr^gbt cbarget 989, SCO 

Cosln at 50 per cent load factor : 

Btectrlml tranamiaslon (890. SOO 

Coal transportation-. 1 609,000 

Difference In faToc of coal transportation 190, 600 

Codts at 100 per cent load factor : 

RIectrlcal traDsmlBsloD 1, 170, 000 

Coal transportation 1, 31B. 800 

Difference In faTor of electrical tiansmisaioD 140. 800 

Appendix D-9, 

private snoinebr'b bsnmate of cost of htdroblectric dbvrlopments 

on the dblawarb river. 

Land for leBcrrolrB 11,884.000 

Land for power altea 1, 402. 000 

Eilstlns power rlgbtt 600, 000 

BetocatlnE Delaware i Baitern R. B 000, 000 

Relocatlni blstawB]ts BOO, OOO 

Organliatloo, etc 100, 000 

Dams for resertolrs 2. 848, 000 

Hfdraullc work for power planti . - . 8,088,000 

TnrUne* and decMcal aRMLmtos 4,878,000 

TransmtaBlon Uhm -_ — - 8,000,000 

!<ab8tBtloas — -_._ . „— — ,- 1, 000, 000 

S4.OW.004 
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IncldentaU and engineering (10 per cent) 12,409,500 

26, 604. 500 
Interest during construction — 6 per cent for 1| years 2, M6, 400 

28 849 900 
Contingent fund 2,' 600,' 100 

Total 81, 900, 000 

Estimates are based upon concrete at $5 per cubic yard, excavation of rock at 
$2 per cubic yard and of earth at 60 cents per cubic yard. A liberal allowance 
has been made for building caissons and other structures required for conBtmc- 
tlon purposes. 

Since the estimate was made, the acquisition of the property has proceeded 
sufficiently far to indicate that the above allowances for land are ample. 

Appendix D-10. 
pbivatb engineer's estimate of cost of paupack development. 

Drainage area square mUes 288 

Gross head feet 313 

Ayerage annual run-ofT cubic feet 17, 000, 000, 000 

Capable of producing. .^ . .. Ulowatt hours** 90»000, 000 

Maximum run-off 47.2 inches— 1889 . • -. do 140, 000, 000 

Minimum run-off 22.4 inches — 1918 do 84, 000, 000 

Ayerage used in this estimate do 80, 000, 000 

Dam 60 feet high makes reseryoir 10 miles long by about 1 mile wide : 

Total capacity cubic feet— 8, 800, 000, 000 

Ayailable storage do 7, 500, 000, 000 

CoBt'~**estlmated 1918 1 

Dam, pipe tine, and power bouse equipped for 40,000 kilowatts, ex- 

dusiye of property.. $2,500,000 

Step-up transformer substation, at |8 per kUowatt 820, 000 

80 mUes transmission line, single tower, two circuits, at|12,000.- 880, <MH) 

8, 180. 000 

Cost per kilowatt, including transmission line per kilowatt.^ 79. 00 

Operation : 

Power plant — 

Labor and supplies . . 18,800.00 

Maintenance, labor, and material ... . 40, 000. 00 

Transmission line^ 80 miles, at |880 per mile 10, 600. 00 

Fixed charges : 

10 per cent of 18,180,000 818, 000.00 

Total annual cost 882,800.00 

Cost per kilowatt hour (deliyered)«4^?5r^^-tr— — • nUUs— 6.8 

85,000 K. W. h. 

Appendix D-11. 

PBIVATB ENGINEEBS' ESTIMATE OF COST OF CONOWINGO DBVBLOnCBNT. BASED 

ON 1917 CONDITIONS. 

Earth excayatlons at 81.00 per cubic yard .... 868.800 

Bock excayatlons at $2.00 per cubic yard « ...-.- 428. 000 

Concrete at $8.00 per cubic yard . 2.804,800 

Bailroad bridge with steel at $0.06 248 600 

Powerhouse building and hydraulic equipment, including flye 84,800-horse- 

power turbines .. .. 2, 718, 900 

Electrical equipment. Including flye 27.200 k. y. a. generators, fifteen 9,000 

k. y. a. llO.OOO-yolt transformers, with switchboards, etc., complete.^ 2. 070, 000 

Eelocating railroad : 2, 006.000 

- -^ . - . 10, 922. 000 

Bngineerlng and contingencies, 16 per cent .^ 1,888.800 

Temporary structures during construction ..-.—.—.-... ... 450.000 

Working oapital . -.-..«-.-— —....^ 500, 000 

18, 510, 800 

80 miles of double-tower transmission lines at $26,000 ...^ 1,600,000 

Step-down transformer substation, 100,000 k. w. capacity, at $8.00 per k. w««.. 800, 000 

16, 810, 300 
Intwest during construction, 8 per cent for li years .. ........ 1,422,900 

Total 17.288,200 

It Is estimated that about $8,000,000 additional will be required for property, 
franchises cost of promotion, etc. These have not been included, as it is 
assumed that payment can be made for them in secondary securities and not 
in cash. 
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ELECTRIC-POWER PROBLEMS IN THE SOUTHERN STATES. 



PREFACE. 



1. The following report has been prepared to summarize the powei 
situation in the States of Alabama, Georgia, Tennessee, North Caro- 
lina, and South Carolina (hereinafter referred to as the Southern 
States), as developed by the investigations of the Army Engineers 
assigmed to service in the power section of the War Industries R)ard. 
It completes the information and conclusions reached in directing 
power service for war industries prior to the armistice on November 
11, 1918, during which time they were informed concerning the power 
resources and limitations in tms district, and contains recommenda- 
tions for increasing the annual power supply for industries in these 
States to meet anticipated future requirements to an aggregate 
increase of 1,000,000,000 kilowatt hours within the next five to seven 
years. 

This report covers the central stotion electric power generating 
and distriDuting systems and gives no details of the generation by 
isolated plants not connected to central station systems, concerning 
which there is no authoritative summary as to aggregate amounts oi 
jx)wer or costs. The report recognizes that further centralization of 
the power supply in these States, with the discontinuance of isolated 
plants, is the economic and practical end to which power service 
should tend. This is now, and has been for some years, the trend 
of the times, and the power diverted from isolated plants to central 
systems will constitute a considerable portion of the estimated 
increase of central station service contemplated for the future as dis- 
cussed in this report. 

3. It is recognized that the resources in water, power, and fuel 
differ in the several States, that the demand for power in the various 
States is diversified as to nature and amount, and that the most 
economical and reliable service will be attained by developing the 
different resources according to their relative value and interconnect- 
ing these to make a unified and balanced system, utilizing in each 
instance the most available source of power without regard to exist- 
ing individual ownership or State lines. 

4. In preparing this report and the herein contained recommenda- 
tions, it has been borne in mind that power delivered to points ap- 
proximately central to the industrial power consuming sections, is 
of greater value and economic importance than power located remote 
from the industrial centers, which power requires for its utilization 
either long distance transmission lines or the creation o^ new indus- 
tries to be built up aroimd the eent^*s of cheajp power. Such new 
industries would be mostly of an electro-chemical or metallur^cal 
nature and would afford only a relatively small return per unit of 
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power used, compared with the diversified and established indus* 
trial operations in the Soutliern States. 

5. Cfentral-station systems have met war needs in a superior way 
and have strikingly demonstrated the advantages of centralized 
service as compared with isolated-plant service. In cases of increased 
power requirements for war production, the central systems have far 
more rapidly than isolated plants^ and with less demand on labor and 
material resources, increased their capacity to meet growing needs. 
Also they were better able to deliver their output to those par- 
ticular points where the requirements of war industries necessitated, 
since, for any additions to power supply for war needs in specific 
secti<;ns, the/could draw up^n the ceSfrJl system, even when Veces- 
sary by the reduction of power supply to less essential users. This 
could not be done in the case of isolated plants equipped to serve 
only the specific factories and establishments for which they were 
constructed. 

6. This report will consider only the question of power generation 
by interconnected power systems m the States above mentioned and 
will not concern itself with the matter of distribution to customers 
beyond the main generating plants, substations, and interconnectinir 
trunk lines.^ The problem herein discussed has to do with steam and 
hjrdroelectric generation and the essential interconnection of gener- 
ating stations to secure minimum capital cost and operating costs 
for power on main trunk-line systems connecting the generating 
plants and industrial centers. It is to be noted that a very large ad- 
ditional expenditure, not included in this discussion, is necessary to 
distribute power from these generating plants and trunk lines to 
power consumers, and it is observed that frequently the cost of dis- 
tribution from the trunk lines to the consumers exceeds the cost of 
generation and the trunk-line expenses. 

. 7. Uncertainty exists concerning the future cost of labor and ma- 
terial for enginiering works nectary for deyeloping power. For 
the purpose of comparing the cost of these developments in the dif- 
ferent States, the cost has been figured as near as may be upon 
the prewar cost plus 40 per cent. This is much less than the cost 
of such works during the past year and at the present time, but for 
comparative purposes, and as the result of careful examination, is 
adopted as a reasonable estimate for future work covering a period 
of nve years. 

8. The report first describes the power systems of the Southern 
States as they existed prior to the armistice, and the conditions 
under which service was rendered during the war; second, there are 
mentioned certain additions and improvements which are now beinp 
made, contemplated, or recommenaed for better economy and re* 
liability of supply and service to the existing industries; third, rec- 
ommendations are made for additional power developments to meet 
a future 'demand of 1,000,000,000 kilowatt hours, more or less, over 
the present demands, and also for complete interconnection of thu 
existing power systems and future developments ; and, last, there ifl 
included a discussion of the advantages to be gained by a thorough 
interconnection of the power systems, of the advisability of joining j 
the Muscle Shoals power with that of the combined system, and oi 
the effect of inters charges on the cost of power. 
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SUMMARY. 

9. This report states briefly the power requirements of the South- 
ern States and the conditions under which this power is now sup- 
plied, and makes recommendations for improving and increasing 
power generation to provide for public and private needs. The re- 
quirements are now supplied partly by central station electric sys- 
tems, which serve diversified industries, and partly by isolated steam 
or water power, plants built and operated individually for specifitc 
factory or other needs. In the interest of economy, reliability, and 
conservation, isolated plant generation should be discontinued and 
central power substituted. Industrial development in these States 
and the conversion of isolated plant service and improvement of 
power supply will require within the next five to seven years, accord- 
ing to approximate estimates, 1,000,000,000 kilowatt hours increase 
in annual production, of which 800,000,000 kilowatt hours is allo- 
cated to the Carolinas and 700,000,000 kilowatt hours to the States of 
Tennessee, Alabama, and Georgia. 

10. The investigation made for the purpose of this report does nofe 
include a conclusive investigation of the power resources in the 
Carolinas. With the data at hand we are unable to indicate that 
the Carolinas have any natural resources in hydro power or other 
sources that are suitable for the creation of this new power on a basi& 
that would compare favorably with the production by a proposed 
tri-State interconnected system as described for Alabama, Georgia, 
and Tennessee, and it appears probable that a large part of the 
additional power required in the Carolinas oould be more economi- 
cally derived from tne interconnected system of these three States, 
If the anticipated increase for the Carolinas is derived from these 
three States, the developments recommended for the latter will have 
a sufficient excess generating capacity to supply the Carolina re- 
quirements. 

11. There are certain large hydro developments that have been 
(constructed and others that are projected in Tennessee and North 
Carolina by private interests for the purpose of itianufacturinff. 
aluminum. These developments and projects have not been consid- 
ered in this report as part of the proposed interstate power system 
for the reason that the resources ana requirements of the private 
aluminum manufacturing interests are not set forth with sufficient 
assurance regarding future conditions to permit of establishing a 
measure of the value of their resources in combination with inter- 
state transmission lines. Unquestionably, if an interstate combina- 
tion is built up as described and recommended in this report, benefit 
will accrue both to the aluminum manufacturing concern and to the 
interstate systems if interchange of power is arranged for. 

12. In estimating the additional power service that can advan- 
tageouslv be rendered by the central station systems account has been 
taken of the established central station business and the reasonable 
expected increase in going industries. Provision has not been made 
in these recommendations for extraordinary additions to the power 
service to provide for a large new electrochemical undertaking or 
for railroad electrification. One billion kilowatt hours increase, as 
described, is the foreseen requirements without these new industrise- 
of electrochemical and railroad electrification. 
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13. The major central station systems at present in operation in 
the States of Alabama, Geor^a, and Tennessee have an aggregate 
prime generating capacity estmiated at 1,230,000,000 kilowatt hours 
annually, and it is estimated that the central station output should 
be increased by 700,000,000 kilowatt hours annually to provide for the 
conversion to central station service of power now being generated 
b^ isolated plants and for normal industrial growth anticipated 
within the next five to seven years. 

14. As the best means of increasing the aggregate capacity of the 
central power systems of the three States and to improve economy 
and reliability, it is recommended that the major power systems now 
in these States be effectively interconnected by transmission lines 
and the best available resources for hydro and steam power be devel- 
oped to increase the interstate combined system. 

15. An examination of the central power systems for 1919 condi- 
tions shows that these systems, when operated individuallv, have 
an aggregate generating capacity capable, under commercial condi- 
tions, of producing 1^30,000,000 kilowatt hours of prime power 
annually, of which 13 per cent, or 163,000,000 kilowatt hours, in 
seasons of normal river flow would have to be produced by steam 
plants, requiring a consumption of 190,000 tons of coal annually. 
By effectively interconnecting these systems and operating them for 
the best joint economy the capacity of the combined systems would 
be increased to 1,370,000,000 kilowatt hours annually, requiring, in 
years of normal river flow, the production of 132,000,000 kilowatt 
hours by steam, with a consumption of 140,000 tons of coal. An 
increase of 140,000,000 kilowatt nours in the generating capacity is 
effected bj complete interconnection and joint operation, as above, 
which in itself is an important reason for interconnection. 

16. In building for increased power production needed to convert 
isolated plant service to central stetion operation and to provide for 
industrial growth, the proposed interstate interconnected power sys- 
tem affords a marked advantage over the present plan of independent 
disconnected or inadequately interconnected systems, particularly as 
the interconnected systems would permit the use of the most economi- 
cal sources of power within the area of the proposed interstate 
system, regardless of the relative location of these sources to localized 
market centers. 

17. Contemplating the adoption of this plan, and in order to pro- 
vide increased power facilities for the production of 700,000,000 
kilowatt hours annually (the estimated requirements for isolated 
plant conversion and industrial growth within the next five to seven 
years), it is recommended that the hydroelectric plante be built on 
Ihe Tallapoosa Eiver, Ala., near Cherokee Bluff, together with a 
large storage reservoir. The present power systems combined with 
the proposed Tallapoosa plants would have a generating capacity 
of 2,100,000,000 kilowatt nours annually, which is an increase of 
730,000,000 kilowatt hours over the capacity of the present systems if 
interconnected and jointly operated. 

18. Building for increased power production in the three States 
under consideration should not, and wiH not, cease with the installa- 
tion of 700,000,000 kilowatt hours increase in aimual capacity. It 
is anticipated that with this increase provided for during the next 
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five to seyen years, still further increased capacity should be under- 
taken for growth following the fiye*year period, and the recom- 
mendaticni of Tallapoosa is made with a view to later additions to 
the generatingcapacity of an interstate power system for Alabama, 
Georgia, and Tennessee, and possibly the Carolmas. Developments 
which compare faTorably with the Tallapoosa project have been 
examined a^d oonsiderod- 

(a) On the Chattahoochee River, at Bartletts Ferry, in western 
Georgia, for increasing the capacity of the interstate system by 
170,000^^000 kilowatt hours annually. 

(i) Two developments, referred to as Tugaloo and Mathis, on 
the Tugaloo Kiver, in northeastern Georgia, for increasing the 
capacity of the system by 240,000,000 kilowatt hours annually. 

19. A large number of other developments, including steam plants 
at coal-mine centers, were examined and compared, but considered 
less favorable than those mentioned above as components of the 
power system composed of the present central station systems ade- 
quately mterconnected. 

20. The great advantages of interconnection and joint operation 
of power systems, and uie economies in building for increase in 
generating capacity, as herein stated, apply equally to a combination 
of the privately owned power companies with the Government pow- 
ers now building at Muscle Shoals. The characteristics of this Gov- 
ernment power and the gain, both to the Government power and to 
the privately owned powers that would result from interconnection 
and exchange of facilities, was an important consideration in the 
recommendation of the Tallapoosa River project, inasmuch as the 
interstate combination, with other power substituted for Tallapoosa, 
might be quite as favorable as the Tallapoosa powers in a combina- 
tion without Muscle Shoals. 

21. Under the present laws, the Government Muscle Shoals hydro 
power now building can not be connected to or operated in conjunc- 
tion with private interests. 

22. The Grovemment hydro power at Muscle Shoals will be on a 
variable river with opportunity for the development of a vast 
amount of second-class, or 9 months power, and a relatively small 
proportion of 12 months, or primary power. A Government-owned 
steam plant being built at Muscle Shoals will be capable of con- 
verting a portion of the second-class power into prime power, but 
it can not do so as economically as the combination with the pro- 
posed interstate power system, because if steam plant auxiliary 
power is to be used with the Muscle Shoals power, other steam 
plants already constructed are more favorably situated than the 
Government steam plant for furnishing the bulk of this supple- 
mentary steam power. 

23. otill further if the Government needs do not require the en- 
tire output of the Muscle Shoals plants, it would be a criminal 
waste to deprive the industries of Alabama and adjacent States of 
this supply of power. We want to emphasize that an interponnected 
power system, as herein recommended, is the best possible vehicle 
for taking over such part of Muscle ohoals power as the Govern- 
ment may not require for its own uses, and delivering it to the 
Southern States industries, and that to make provision for doing 
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this efficiently, such use of the surplus power ^ould be arraoged for 
at a very early date, and considered in connection with private 
plant developments to the end that these developments may be of a 
character that will advantageously supplement Muscle Shoals. 

24. It is recognized that the resources for cheap power in the 
Southern States are one of their most valuable assets industrially, 
and Muscle Shoals hydro power has lon^ he&a looked upon as a 
favorable project, particularly in combination with Tennessee River 
improvements for navigation, and prior to the war a private cor- 
poration even went so Far as to spend some hundreds of thousands 
of dollars in securing property rights and exploring foundations 
and making designs. U appears that with an exchange of power 
between the Government interests and priyate power systems, maxi- 
mum economy will result to both interests, whereas, if the present 
law is enforced, the Government will lose the ecoiM>mic advantage 
of interchanging power with existing privately owned systems and 
the southern industries will be deprived of the benefit of Muscle 
Shoalspower. 

25. Tne proposed interstate power sjrstem above described includ- 
ing the proposed Tallapoosa Kiver developments, and capable, as 
stated, 01 producing 2,100,000,000 kilowatt hours of prime * power 
annually, if combined and operated in conjunction with a nydro 
plant at Muscle Shoals with 300,000 kilowatts ultimate installed ca- 
pacity as proposed, would be capable of producincr, in years of normal 
river flow, 2,880^000,000 kilowatt hours annually of prime hydro 
power without any steam generation. 



Paht 1. 
DESCRIPTION OF PRESENT CENTRAL STATION SYSTEMS. 

INSTALLED CAPACITY. 



26. In the Soiitherri States at the outbreak of the war, the bulk 
of the power used by industries in the States was produced by a 
few large powet generating and distributing systems extending 
through the principal manuiacturing centers. 

27. The following is a tabulation of the generating capacity and 
the production of these power systems by States during 1917 and 1918 : 



state and company. 



Aktaama: 

Alabama Power Co 

GoTemment unit In the Warriorplant i 

Binolngbam Railway, light A roiwet Co.>. 



Geonia: 

Oeoigla Railway & Power. 
Central Georgia Power Co. 
Colmnbua Power Co 



Tennessee: 

Tennessee Power Co 

Nortn and Sooth Carolina: 

Soatbem Power Co 

Carolina Power & light Ce. 



Total. 



Total Installed gen- 
erating eapadty. 



Hydro. 



jr. v.A. 

60,000 



60,000 

78,100 
18,000 
21,650 



117,760 



88,685 

143,800 
35,000 




Steam. 



Total power generated. 



1917 



K. V.A. 
80,000 
30 000 
10,000 



70,000 

lfi,600 
4,600 
1,500 



KUowaU 

hOUT8. 

388,300,000 



1918 



Kilowatt 
hours. 
394,749,887 



236,401,000 
69,147,000 
83,560,000 



31,600 370,177,COO 



36,700 

39,800 
4,036 



34,736 



163,926 



547,900,000 



461,600,000 
86,700,000 



547, 300,000 
1,762,677,000 



806,850,000 
55,468,600 
85,967,787 



847,280,387 



619,959,383 



487,360,100 
91,109,600 



678,460,600 
1,840,440,097 



1 Completed In December, 1918. 



* £fIectiTe capacity available by contract. 



GENERATING CAPACITY. 



STATE OF ALABAMA. 

28. The following was the central station power generating capa- 
city in the State of Alabama during the year 1917 andup to November 
11,1918. 

29. The Alabama Power Co, with an interconnected system oper- 
ated generating plants at — 

Kilowatts. 

Lock 12, water power, Ck>osa River, 5 units. Installed capacity 67, 500 

Jackson Sboals water power. Installed capacity* 1, 500 

Gadsden steam plant, installed capacity 10,000 

Warrior River steam plant, installed capacity i 20,000 

In Birmingham, a steam plant available by contract relations, efficient 

Installed capacity 10, 000 



Total efficient installed capacity 109,000 

XoTK. — Since the armistice (completed In December, 1018), the Government 
has installed a 30,000-kllowatt steam turbine generator at the Warrior plant of 
the Alabama Power Co. 

2:19 
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30. In order to unify the above described generating plants, and 
complete a generating system capable of thel^est utilization of the 
hydro plants in combination with steam plants, the Alabama Power 
Co. had in operation, prior to the armistice, a system of double-circuit 
high-tension transmission lines of 110,000 volts, through Gkidsden, 
Anniston, Jackson Shoals, and Sylacau^a to Lock 12, and from Lock 
12 to Birmingham and a 110,000-volt single-circuit high-tension line 
from Jackson Shoals through Birmin^am to Warrior steam plant. 
They also had 100,000- volt substations installed at various points, 
aggregating approximately 96,600 kilovolt-amperes capacity. 

31. Under operating conditions for 12 months' service, figuring the 
output of Lock 12 at 250,000 kilowatt hours daily at extreme low- 
water stage, and including a 30,000-kilowatt generator recently com- 
pleted by the Government at the company's Warrior steam plant, 
but allowing reserve for emergency or break-down service, the prime 
capacitv of this system is 80,000 to 90,000 kilowatts. At 80,000 kilo- 
watt peak this system is capable of serving the industries within its 
transmission area with 385,000,000 kilowatt hours annually under 
practical commercial conditions, which we have established for the 
purpose of this report at 55 per cent annual load factor. (See Ap- 
pendix 1.) 

Note. — In order to generate 80,000 kilowatts, as above, with the present sys- 
tem, Lock 12, plant on the €k>osa River, must be operated on dally peak loads, 
holding back water at certain hours daUy and discharging it rapidly at other 
hours. To avoid detriment to navigation it would be necessary to construct a 
regulating dam at a cost of $119,000 (using the cost estimate basis of this report, 
$85,000 on prewar costs, plus 40 per cent). 

Note. — During the year 1918, prior to the completion of the 80,000-kllowatt 
Government unit at the company's Warrior steam plant, and under war emer- 
gency conditions, with abnormally high-load factors due to electrochemical and 
metallurgical operations, the output of this system was 395,000,000 kilowatt 
hours without the 33,000 kilovolt-amperes Ctovemment unit at Warrior, but with 
unusually favorable water stages at Lock 12, while the nitrate plant at Muscle 
Shoals was taking power during November and December. 

32. For service in Alabama, to continue the present business of 
the Alabama Power Co. and expand the service under anticipated 
commercial conditions, up to a load of 80,000 kilowatts and an an* 
nual output of 385,000,000 kilowatt hours, as above described (annual 
load factor of 55 per cent), it is estimated that the amount of power 
generated per month during the year will vary according to seasons 
and business conditions between 29,000,000 kilowatt hours and 36,- 
000,000 kilowatt hours (the average monthly consumption being 
32,100,000 kilowatt hours to make 385,000,000 kilowatt hours an- 
nually) . 

Note. — ^The niaxlumm variation in the monthly kUowatt^hour output, ex- 
clusive of electrochemical load, of the Alabama Power Co. between the maximum 
month and minimum month was 22 per cent in 1917 and 14 per cent in 1918. 

33. In one full year's operation under average river conditions 
we estimate that the kilowatt hours generated by water at Lock 12 
will be 275,000,000 kilowatt hours, and the kilowatt hours generated 
by steam supplement will be 110,000,000 kilowatt hours; total, as 
above, 385,000,000 kilowatt hours. 

34. For this annual production, for maintaining steam plants for 
auxiliary service, for emergency reserve, and for voltage and power 
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factor regulation we estimate that the annual coal consumption will 
be 115«000 short tons. 

35. Montgomery Light cfe Water Power Go. — This is one of the 
two companies serving Mont^omer^ and immediately adjacent dis- 
trict. It has a water-power plant with an installed capacity of 5,825 
kilo volt-amperes on the Tallapoosa Biver about 29 miles northeast 
of Montgomery. In addition it has a steam plant with 2,000 kilowatt 
capacity in Afontgomery connected with the water-power plant by 
a 33,0(X)-volt transmission line. This steam plant is used as a 
stand-by for the hydrodevelopment and is run only during low water 
or in emergencies. 

86. During 1917 the combined output of these two plants was 
24,572,000 kilowatt hours, 3 J84,000 being by steam. In 1918 the total 
was 25,298,000 kilowatt hours, 1,897,000 by steam, with a peak load 
of 4,800 kilowatts. The system capacity is estimated at 5,000 kilo- 
watts. The coal consumption was 13,500 tons in 1917 and 7,300 tons 
in 1918. 

37. Montgomery Light cfe Traction Co. — ^This company operates 
the street railway system and also gives electric service in Mont- 
gomery from a steam plant located in the city, which has an installed 
capacity of 5,000 kilowatts. It generated for both railway, light, and 
power requirements 12,275,000 Kilowatt hours in the year 1917 and 
16,292,000 kilowatt hours in 1918, with a peak load of 3,500 kilowatts. 
The coal consumption in -1917 was 21,600 tons and in 1918 amounted 
to 32,400 tons. 

38. The steam plant of the company is more modem and efficient 
than the one owned by the Montgomery Light & Water Power Co. 
and is capable, with small improvement, of serving the steam plant 
requirements of both companies. There is, however, no intercon- 
nection between the plants of the two companies. Tne power-con- 
suming industries in and around Montgomery are not greatly varied 
in nat\ire and are increasing but slowly. 

39. TcMassee FcXU Manufacturing Co. — About 5 miles below the 
water-power development of the Montgomery Light & Water Power 
Co. the Tallassee Falls Manufacturing Co. have developed a falls on 
the Tallapoosa River for the mechanical drive of cotton mills with 
an installation of 5,235 horsepower in water wheels. Their load is 
about 3,000 horsei)Ower. Should this site be developed for hydro- 
electric power it is estimated that by the time sucn development 
would be completed their demand would be 3,400 kilowatts, with an 
annual consumption of 7,300,000 kilowatt hours. 

40. Mobile Light ds RaUroad Co. — This company operates a steam 
plant of 2,350 kilowatts capacity in direct current for the street 
railway system of the city and supplies no light or power business. 
It generated 5,301,000 kilowatt hours in 1916, with a peak demand 
of 2,000 kilowatts, and about the same in 1917. The coal consump- 
tion approximates 18.000 tons per year. 

41. United States Steel Corporation. — The Chicasaw Utilities Co., 
controlled by the United States Steel Corporation, will some time 
during the summer of 1919 have in operation about 5 mil^ from 
Mobile a new modern steam plant having two 4,000-kilowatt steam 
turbines for supplying the power needs or a new shipbuilding plant 
and industrial village. Included in this service will be an electric 
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Street car line, watei^orks, and residential and street lighting sys- 
tern. It appears that the service for the village is to be furnished 
from this plant because the local utility companies in Mobile were 
not in position to extend such service. 

42. Mobile Electric Co. — ^This company operates a steam plant of 
6,195 kilowatt installed capacity in the city of Mobile and generated 
10,962,000 kilowatt hours in 1917 and 153265,000 kilowatt hours in 
1918, with a peak demand of 4,200 kilowatts. The coal consumed in 
1917 was 22,000 tons and 34,400 tons in 1918. The only industries 
of appreciable size served with power are shipbuilding plants and 
the terminal vards of the Mobile & Ohio Railroad. 

43. The above constitute all the major power systems of Alabama, 
the remainder being small systems of a purely local character, none 
of which by reason of surrounding conditions will ever become an 
important generating center. (See Appendix 4.) 

STATE OF GEORGIA. 

44* Georgia EaSlmay c6 Power Co. — This company with an inter- 
connected system operated generating plants during the years 1917 
and 1918 as follows : 

Infttalled capacity. 

KMowtLttfi. 

Talliilah Falls and Mnthls Rpsen-olr, water poW(?r', five unite 62, .500 

Morpin Falls (25-cycle). water power 10,000 

Cheatatee, water p<)wer 720 

Dunlap, water power. , - 1,700 

Butler Street (3,500-kllowatt unit, 25-cycle), 5?team plant effective 5,000 

Davfs Street, steam plant effective 5,000 

GalneRTlIle, steam plant effective 18C 

CarroHtOD, steam plant effective 125 

Total effective installed capacity 85,231 

NoTB. — The two .last-named steam plants, aggregating dOl kilowatts capacity, 
are inefficient and are disregarded in future estimates. 

Note A. — ^The Qeorgia Railway & Power CJo. operates at 00 cycles, except 
Morgan Falls hydro plant and one steam unit at Butler Street which are 25 
cycle and operate through rotarles to direct-current railway load and through 
frequency changers with the 60-cycle load. 

46. Of the above plants, Tallulah Falls hydroelectric station is 
the main generatin^^ source of this company. It is connected with 
a central ni^h-tension distributing substation near Atlanta by a 
double circuit, 110,000-volt transmission line, 90 miles long. The 
central substation, together with two smaller ones, aggregate some 
46,500 kilo volt-amperes and constitute the high-tension substation 
capacity for distribution of the power from Tallulah Falls to the 
distribution lines of the Georgia Railway & Power Co. At the 
Tallulah Falls plant there is a transformer capacity of 20,000 kilo 
volt-amperes set aside for delivering pjower to the 100,000-volt lines 
of the Southern Power Co. operating in North and South Carolina. 
The total 110,000- volt substation capacity may therefore be rated at 
66«500 kilo volt-amperes. 

46. The other generating plants of the company do not tie into 
the high-tension 110,000-volt system. They feed direcUy into the 
distribution system, which is also fed from the main high-tension 
substation served from Tallulah Falls. 
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47. The lines of the company interconnect with those of the Ten- 
nessee Power Co. with substation capacity of 1,500 kilo volt- 
amperes with those of the Columbus Fower Co. with substation 
capacity of 1,500 kilo volt-amperes, with those of the Central 
Georgia Power Co. with substation capacity of 9,000 kilo volt- 
amperes, and also the Southern Power Co. as mentioned previously. 
With the exception of that to the Southern Power Co., the rnteiTon- 
nections are merely the meeting of two distributing lines and their 
capacity for interchange of power between generating sources is 
limited by the low operating voltage and the necessity for serving 
customers along the lines. The lines are so designed, however, as 
to make it a comparatively easy matter to change them over to 
110,000- volt transmission trunk lines with separate service lines for 
customers when conditions warrant. 

48. With the present development and with additional storage 
capacitv now being built at the Burton Reservoir on the Tallulah 
Eiver (see Part 2 under Georgia), scheduled for completion in July, 
1919, and allowing a reasonable reserve for emergency or break- 
down service, the prime capacity of this system in dry years under 
ordinary commercial conditions (established for the purpose of this 
report at 55 per cent annual load factor, as described m Appendix A 
for the interconnected group of Southern States) is 52,000 kilowatts, 
with an annual output of 250,000,000 kilowatt hours. 

Note. — In a year of nverajre stream flow the ««.v»teni would have a generating 
capacity of 275,000,000 kilowatt hours. 

Note. — ^The Georgia Railway & Power Co. estimates the capacity of their 
system In dry years, Including Burton Reservoir, at 40 per cent annual load fac- 
tor, at 71,600 kilowatts with an annual output of 250.000.000 kilowatt hours of 
hydro power alone. 

XoTE. — For the year 1917 the actual power generated by the Georgia Railway 
St Power Co. was 236,461,000 kilowatt hours. They purdiased 22,146,000 kilo- 
watt hours from adjacent systems and sold 76,954,000 kilowatt hours to adjacent 
systems, leaving a net delivery to their own system of 181,658,000 kilowatt 
hours, with a peak of 52,206 kilowatts or an annual load factor for their 
system of 89.7 per cent. 

Note. — ^For the year 1918 the actual power generated by the Georgia Railway 
& Power Co.. before comptetlon of the 5,000,000,000 cubic foot reservolT, was 
205,850,000 kilowatt hours. They purchased 32,640,000 kilowatt hours from ad- 
jacent systems and sold 29.414,000 kilowatt hours to adjacent systems, leaving 
a net delivery to their own system of 209,076,000 kilowatt hours, with a peak 
load of 58,000 kilowatts, or nn annual load factor of 41.1 per cent. 

49. Central Georgia Power Co. — This company operates an 
interconnected power system with one hydroelectric plant on the 
Ocmulgee Biver near Lloyds Shoals and two small steam plants 
at Macon. Durins: the years 1917-18 these plants had installed the 
following generating capacity : 

Kilowatts. 

Lloyds Shoals, water power plant 1 18, 000 

No. 1, steam plant effective 1,500 

No. 2, steam plant 1,500 

21,000 

60. The above plants are connected by 66,000-volt circuits and 
the main transmission is at 66,000 volts, of which there are 98 miles 
of double circuit line and 37 miles of single circuit line. 
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51. The system connects with that of the Georgia Railway : 
Power Co. near Atlanta where the Central Georgia ^ower Co. has a 
9,000-kilo volt-ampere substation connectii^ its 66,000- volt line i^iih 
the low-tension distribution circuits of the Georgia Railway & Power 
Co. The capacity for interchange of power is limited by the existinj^ 
load on the distribution circuits of the latter company. 

62. During a year of average river flow, and allowing a reasonable 
reserve or break-down capacity, the above plants have a prime gen- 
erating capacity of 65,000,000 kilowatt hours which is equivalent to 
a. maximum .peak loadof 18,500 kiiewatts on an annual load factor 
of 55 per cent. (See Appendix 7.) In an average year this power 
would be produced as follows: By steam, 6,500,000 kilowatt hours: 
by water, 58,500,000 kilowatt hours. 

Note. — In 1917 the company generated 3.328,600 kilowatt hours by steam and 
55,822,150 kilowatt hours by water with on annual load factor of 34.4 per cent. 
In 1018 the company generated 8.962,600 kiJo^iatt hours by steam and 46,499.900 
kilowatt hours by water with an anuual load factor of 34 per cent. 

53. Columbus Power Co. — This company with an interconnected 
system operates three hydroelectric plants on the Chattahoochee 
Kiver near Columbus, Ga.^ and one steam plant in Columbus. These 
plants had installed the following capacity in generating equipment 
during 1917 and 1918 : 

Kilo 
Tolt-amperes* 

Ooat Rock, water power plant 13.750 

North Highlands, water power plant 6, 900 

City Mills, water power plant 1,000 

Columbus, steam plant 9,000 



-^ 



Total 30,650 

NoTB. — ^Xhe steam plant at Oolumbus had only 1,500 kilo volt-amperes capacity 
until the last part of 1918 when an additional unit of 7,600 kUowatt capacity 
was installed. 

54. The Goat Rock plant and the steam plant are connected into the 
06,000- volt transmission system which extends up the Chattahoochee 
Valley with a total length of about 53 miles. The other two plants 
as well as the steam plant feed into the low tension system which 
distributes power in the vicinity of Columbus. 

55. The transmission system connects with that of the Georgia 
Bailway and Power Co. at Newnan, Ga., through a low-tension dis- 
tribution circuit. Both companies have substations at the end of 
their high tension systems for the purpose of serving customers and 
these stations are connected on the low tension side. The capacity 
for transfer of power is limited by the installation of the Georgia 
Railway and Power Co. station of 1,500 kilo volt-amperes. 

66. During a year of average river flow and allowing a reasonable 
reserve or break-down capacity, the above plants have a prime gene- 
rating capacity of 120,000,000 kilowatt hours, which is equivalent to 
a maximum peak load of 25,000 kilowatts on an annual load factor 
of 55 per cent. In an average year this power would be produced as 
follows:. By steam. 10.000,000 kilowatt hours; by water, 110,000,000 
kilowatt hours. 

57. With the full installation of 9,000 kilo volt-amperes in the 
steam plant, the system has generating capacity to maintain the out- 
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pfet of 120,000,000 kilowatt hours in a year of low flow by the genera- 
ti<>n'of a considerable amount of steam power. 

Note. — In 1917 the company generated 83,300,000 kilowatt hours by water 
and 260,000 kilowatt hours by steam. 

NOTK — In 1918 the company generated 85,658,000 kilowatt hours by water 
and 409,669 kilowatt hours by steam. 

58. Av^usta^AiJcen RaShcay c& Electric Corporation. — ^This com- 
pany operates a general lighting, power, and street railway business 
in Augusta, 6a., and transmits power about 18 miles to Aiken, S. C. 
The main generating station is a hydroeled^ic plant on the Savannah 
Hirer about 8 miles north of the city of Augusta, and has an installed 
capacity of 13,500 kilo volt-amperes. The dam and power house sub- 
structure have been laid out for an ultimate development of double 
this capacity. Should additional storage be obtained on the upper 
stretches of the river at soiote of the developments of the Georgia 
Eailway & Power Co., it would seem advisable to increase the in- 
stallation at this plant. 

59. The company also has a steam plant of 2,750 kilo volt-amperes 
installed capacity in Augusta, used as a stand-by. Previous to 1917 
the plant had not been run for several years, but the increase loads 
of 1917 made it necessary to put it into service for a time and the 
low water conditions of 1918 made its use necessary to a larger 
extent. The Augusta- Aiken Railway & Electric Corporation has a 
plant on Augusta Canal with 676 kuo volt-amj)eres capacity in 600 
volt direct-current equipment for the street railway system. Con- 
tracts for water from this canal for several mills precede the rights 
of the power company, consequently during low water this direct- 
currentplant usually must shut down. 

60. The Savannah River hydrostation generated 36,592,500 kilo- 
watt hours in 1917, and 38,815,810 kilowatt hours in 1918, the annual 
load factors being 43.2 and 41.6 per cent, respectively. The average 
daily we(^-day load factor was 75 j)er cent during 1918. The steam 
plant in Augusta generated 17,875 kilowatt hours in 1917 and 254,875 
kilowatt hours in 1918, using 890 tons coal in 1918. The hydro- 
plant on the canal generated 2,305,750 kilowatt hours in 1917 and 
2,566,160 kilowatt hours in 1918. 

61. Savaamah Electric Co. — This company is the larger of two 
companies serving general power and lighting business in Savannah. 
It a^ operates the street railway system. It owns two steam plaiits 
in the citv, the larger or main plant, the Riverside station, having 
10,000 kilo volt-amperes installed generating capacity, wnile the 
smaller plant, the Indian Street station, has 1,500 Kilo volt-amperes 
capacity, and, due to its inefficiency, is used as a stand-by and emer- 
gency only. The peak load on the system was 8,700 kilowatts in 
1918, the generation at Riverside station in 1917 was 80,788,790 
kilowatt hours, using 32,306 tons of coal, and 86,438,270 kilowatt 
hours, using 87 J06 tons of coal in 1918. Indian Street station gen- 
erated 16,020 kilowatt hours using 107 tons coal in 1917 and 1,482,690 
kilowatt hours, using 3,450 tons coal in 1918. Some shipbuilding 
and fertilizer works added largely to their load in 1918. The annual 
load factor in 1917 was 47.1 and in 1918 60.2 per cent. The average 
daily week-day load factor was 72 pjer cent. 

62. Savaimah Lighting Co. — ^This is the smaller of the two com- 
panies serving general lighting and power business in Savannah, and 
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has one steam plant of 6,500 kilo volt-amperes installed genei-ating 
capacity: the load on the station, however, has been much under its 
capacity and has been decreasing during the past few years, as shown 
by the following : 



Year. 



1916 

1917 (partly estimated) 
1918 



Kilowatt 
houn gener- 
ated. 



9,711,100 
8,4a6,000 
M6e,540 



Kilowatt 
peak. 



2,900 
2,200 
1,900 



Annaal 

local 

fhcUa. 



Percent, 
38.2 
43.6 
49lO 



Tons c<»l 
uaed. 



11,223 
11,460 
10,975 



63. The foregoingi constitute all the major power systems of 
Georgia, the remainder being small systems of a purely local char- 
acter, none of which by reason of surrounding conditions will ever 
become an important generating center. (See Appendix 4.) 

STATE OF TEKNBSSBS. 

64. The following is a statement of the central station power 
generating capacity in the State of Tennessee during 1917 and 1918. 

66. Tennessee Power Co. — ^This company with an interconnected 
system operated generating plants as follows : 

KUowatts. 

Hales Bar, water power, installed capacity 40,600 

Great Falls, water power, installed capacity 9, 375 

Ocoee No. 1, water power, Installed capacity 18, 750 

Ocoee No. 2, water power, installed capacity 15, 000 

Parksville, steam plant, eifective Installed capacity 15,000 

Nashville, steam plant, effective installed capacity 18,000 

KnoxvIUe, steam plant, effective installed capacity 4, 600 

Chattanooga, steam plant, effective Installed capacity 1, 600 

117,625 

Note. — Chattanooga steam plant is practically obsolete and so inefficient that 
It Is not given further consideratioii in this report. 

66. In order to utilize these plants to the best advantage and to 
serve the territory, the company had in operation a system of single 
circuit, 120,000-volt transmission lines from Parksville to Na3i- 
ville and Maryville and Hales Bar, via College Junction, or a total 
length of 256.5 miles, and also had 66,000- volt connections between 
the other plants with a total l^igth of 166.6 miles. 

67. The company has an interconnection with the Georgia Railway 
& Power Co., which is limited for interchange of power by a trans- 
former capacity of 1,500 kilo volt-amperes. The lines of the 
Georgia Railway A Power Co.. as explained in Part 1, are also a limit- 
ing Mature. The company also connects with a jgenerating station 
oithe Aluminum Co. of America, which is the principal load of the 
Tennessee Power Co. 

68. During a year of average river flow and allowing a reasonable 
reserve or break-down capacity, the prime generating capacily of the 
above plants is 385,000,000 kilowatt hours annually, which is equiva- 
lent to a maximum peak of 80,000 kilowatts at 65 per cent annua] 
load factor. (See Appendix 1.) 

NoTB.— In 1917 the company actually generated 547,900,000 kilowatt houn 
with an annual load factor of 75 per cent. In 1918 the company actually 
generated 619,969,888 kUowatt hours with an annual load factor of 07i per 
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cent. During both these years the btilk of the power was supplied to the 
Aluminum Co. of America whose load Is of an electro-chemical nature, with 
extremely high load factor and which can be varied In amount to meet the 
changes In river flow from wet to dry season. 

69. During an average year, as described above, it is estimated 
that in proaucinff SSSjWOjOOO kilowatt hours of prime power 373,- 
000,000 kilowatt hours would be produced by water and 12,000,000 
kilowatt hours by steam plants. In a year of extreme low water 
the corresponding figures would be 345,000,000 kilowatt hours of 
water power and 40,000,000 kilowatt hours of steam power. 

70. Although only one of the power £rjrstems of the State of Ten- 
nessee has been considered, and although there are other important 
smaller central station systems in the State, yet it generates 83.6 
per cent of the total central station power, (oee Appendix 4.) 

STATES OF NORTH AND SOUTH CASOUNA. 

71. The following is a statement of the generating capacity of the 
major central station power companies in these States during 1917 
and 1918. 

72. Southern Power Co. — ^This company, with an interconnected 
system, operated generating plants as follows : 

Kilowatts. 

Lookout Shoals, water power, installed capacity 21,000 

Catawba, water power, installed capacity 6, 000 

Fishing Creek, water power, installed capacity SO, 000 

Great Falls, water power, installed capacity 24, 000 

Rocky Creek, water power, installed capacity 24, 000 

Ninety-nine Islands, water power, installed capacity 18, 000 

♦Idols, water power, installed capacity 1, 800 

*SaIuda, water power. Installed capacity 2, 700 

•Portean Shoals, water power, installed capacity 7, 500 

♦Gregg Shoals, water power, installed capacity 1,250 

Greenville, steam plant, effective installed capacity . 8, 000 

Greensboro, steam plant, effective installed capacity 8,000 

Mount Holly, steam plant, effective installed capacity 8, 000 

Eno, steam plant, effective installed capacity 10,000 

•Anderson, steam plant, effective installed capacity 850 

171,600 

Note. — ^Those plants marked with (*) Indicate plants operated by Southern 
Public Utilities Co., which also purchases power from the Southern Power Co. 

73. For economic utilization of these generating sources and to 
serve a very laree territory, the compan^r has an extensive network 
of transmission Tines, consisting of 571 miles of 88,000 volt pole and 
tower lines and 626 miles of 44,000 volt principally pole lines. 

74. The company has interconnection with the Carolina Power & 
Light Co. near Raleigh, with the Georgia Bailway & Power Co. at 
Tallulah Falls, as previously described, and with the Tallassee Power 
Co. (Aluminum Co. of America) at Badin. N. C. The first two 
interconnections are with companies with sligntly different operating 
voltages, which renders it inadvisable to operate in parallel, and the 
usual method of interchange is to divide the bus in one of the 
power houses and o^rate specific units at the interchange voltage. 
The capacity at Baleigh is 4,000 kilowatts and that at Tallulah Fiuls 
normally 20,000 kilowatts. The interconnection at Badin Falls 
amounts to approximately 9,000 kilowatts and has to be effected by 

7108—21 ^17 
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means of rotary converters through the direct-current bus, as the 
two systems are of different frequency. 

75. The company is building and has practically complete a large 
storage reservoir at the headwaters of the Catawba at a site called 
Bridgewater and is installing 20,000 kilowatts in generating equip- 
ment there. It is also completinga new power development on the 
lower Catawba at a site called Wateree with 60,000 kilowatts ca- 
pacity. The power available from these sources has been contracted 
tor, part of it going to the Carolina Power & Light Co., which is 
building an additional interconnecting line from its system in South 
Carolina to Wateree station. During 1918 for a short time there was 
a shortage of power on this system due to unusual drought and the 
longer hours* use of power by industries, which would have been 
prevented had the storage reservoir been completed and in operation. 

76. During a year of average river flow and allowing a reasonable 
reserve capacity and including the storage reservoir, the prime gen- 
erating capacity of this system is 850,000.000 kilowatt hours annually, 
which is equivalent to a maximum load of 175,000 kilowatts at 55 
per cent annual load factor, or over 200,000 kilowatts at a lower load 
lactor. In average years this prime power will require 80,000,000 
kilowatt hours of steam. 

Note. — ^Durlng 1917 the system generated 881,500,000 kilowatt hours by hydro 
plants and 80,100,000 kilowatt hours by steam. During 1918 the systems gen- 
erated 424,579,800 kilowatt hours by hydro plants and 62,770,300 kilowatt hours 
by steam plants. 

77. Carolina Power <& Light Co, — ^This company with an inter- 
connected system operated generating plants as follows: 

Kilowatts. 

Blewett Falls, water power, Installed capacity 30,000 

Buck Horn Falls, water power, installed capacity 2, 900 

Raleigh, steam plant, effective installed capacity 3, 000 

Goldsboro, steam plant, effective installed capacity 1, 000 

36,900 

78. These plants are connected by and operated in conjunction with 
a transmission system of approximately 155 miles or 100,000- volt 
line and 210 miles of 66^00- volt line. The system interconnects with 
that of the Southern I^ower Co. near Raleigh, as previously out- 
lined, and power is transferred from one system to the other when 
facilities permit. 

79. The company also operates a disconnected smaller system at 
Florence, Darlington, and Marion, S. C, with steam generated power 
and has under construction a line to connect with the Wateree station 
of the Southern Power Co. for the future supply of tiiis system. A 
connection between the larger system at Raleigh and this system will 
ultimately be made which will provide interconnection with the 
Southern Power Co. at two points. 

80. The prime generating capacity of the systems (exclusive of 
Florence, Marion, and Darlington)' is 130,000,000 kilowatt hours 
annually, which is equivalent to a peak load of 27,000 kilowatts at 
55 per cent annual load factor. 

Note. — ^In 1917 the company actually grenerated 82,100.000 kilowatt hours nf 
hydro power and 8,600,000 kilowatt hours of steam power. In 1918 the com- 
pany actually generated 89.2784X>0 kilowatt hours of hydro power and 133l,U0(> 
kilowatt hours of steam power. 



Part 2. 

ADDITIONS AND IMPROVEMENTS IN PROCESS OF BEING 
BUILT OR ADVISABLE FOR 1919 OPERATION. 

STATB OF ALABAMA. 

81. The Government is building a GOjOOO-kilowatt steam plant at 
Sheffield, Ala., which is scheduled for completion in April of this 
year, and has installed in the Warrior steam plant of the Alabama 
rower Co. a 30,000-kilowatt generator, which was completed and 
ready for operation on the first of this year. These plants are con> 
nected by a 30,000-kilowatt capacity single circuit 110,000- volt trans- 
mission line, and were primarily designed for service in connection 
with the Government nitrate plant at Sheffield. 

82. It is recommended that these new power facilities be operated 
in conjunction with the system of the Alabama Power Co. for 
economy and reliability of power supply to industries in the State 
of Alabama as served from the lines or the Alabama Power Co. and 
for such service as may be required by Government or privately 
owned plants for nitrate or other electrochemical productions at 
Muscle Shoals. The economic relation of these power plants to a 
more comprehensive power scheme to include the other Southern 
States is outlined in part 3 of this report. 

STATE OF GEORGIA. 

88. In the State of Georgia there is a serious shortage of central 
station power to serve the present established and goins^ industries. 

84. During the summer season of 1918, when many of the factories 
were heavily engaged in war material production, there was a shortage 
which for a few weeks necessitated reducing the supply to nearly 
every industry in the State and absolutely shutting on the supply to 
some industries. Furthermore, there are many factories and other 
power users who were operating isolated steam plants at a very high 
cost for coal, where an expansion of the hydroelectric systems would 
conserve coal and reduce the cost of power. 

85. The Georgia Kailway & Power Co. are constructing a reser- 
voir at Burton on the Tallulah River which is scheduled for com- 
pletion in July of this year. This reservoir is to have an available 
storage capacity of 5,000,000,000 cubic feet and if it had been in 
service during 1918 it would have practically eliminated the shortage 
of power for war work on the Georgia Railway & Power Co. sys- 
tems and reduced that on the connected systems. It is also adding 
a sixth unit to the Tallulah Falls plant, which will increase its in- 
stalled capacity to a total of 72,000 kilowatts. 

86. Also the Georgia Railway & Power Co. projected and started 
work and ordered equipment for a 48,000-kilowatt hydroelectric plant 
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on the Tugaloo River, but they have suspended work on this project 
and the order for machinery for the same, because they are unable 
to finance the construction, the cost of which is estimated at about 
$3,500,000. 

87. Appendix 8, herewith, gives a partial statement of the 
amount oi power that is now being generated by isolated steam plants 
within reach of the transmission lines of the central station syBtema 
of Georgia which should, as a matter of economy and coal conserva- 
tion, be generated by hydroelectric central station systems. This 
appendix enumerates an aggregate at 5,715 kilowatts with annual re- 
quirements of 16,235,000 kilowatt hours seeking central station serv- 
ice and 8,050 kilowatts with annual requirements of 10,455,600 kilo- 
watt hours for the most part now in isolated plants which is quite 
likely to use central station connections, also 30,800 kilowatt capacity 
in steam plants now building or proposing to build in Georgia during 
this year. 

88. At present four systems interconnect with the transmission 
lines of the Georgia Railway & Power Co. for the purpose of exchange 
of power between systems. These interconnecting lines are inade- 
quate to meet the needs of the service. In most cases they are simply 
connections between distribution circuits. The company Is preparing 
to increase the voltage of the connecting line to the Tennessee Power 
Co. in order to be aole to transfer a larger amount of power. 

89. It is recommended that an additional generating unit of 6,250 
kilo volt-ampere capacity be added to the present Goat Bock 
plant of the Columbus Power Co. This unit will replace a large 
amount of steam generated power. The head gates, draft tubes, foun- 
dations, and a portion of the penstock are now in place for three such 
additional units. 

STATES OF NORTH AND SOUTH CAROLINA. 

90. The Southern Power Co. is adding to its generating plant 
capacity by the construction of a new hydro plant on the Catawba 
River at Wateree with an intallation of 60,000 kilowatts, which wiU 
be ready for operation the early part of 1919. It is also constructing 
a large storage reservoir on the headwaters of the Catawba Hiver, 
which will be completed early in 1919, and which will provide the 
company with a means of equalizing the low flow of the river. 

91. Tne company has already contracted to sell the output of 
Wateree station as soon as completed, and has been carrying some 
of this load on its steam reserve plants. The addition of the storage 
reservoir and the freeing of the reserve steam plants will enable the 
company to carry its load through a period of extreme drought, 
such as was experienced in the fall of 1918, without curtailment. 



Part 3. 

RECOMMENDED DEVELOPMENTS FOR FUTURE POWER 
SUPPLY AND INTERCONNECTION OF POWER SYSTEMS. 

92. It is anticipated that in about five years the demand on the 
central systems of the States of Georgia, Alabama, Tennessee, North 
Carolina, and South Carolina, exclusive of the Aluminum Co.'s load 
and of the nitrate plant load at Muscle Shoals, will be 1,000,000,000 
kilowatt hours more annually than at present and a progressive 
construction program should be carried out to provide for this in- 
crease in approxunately five years. 

93. The approximate distribution of this increased demand by 
States is estimated as follows : 

Kilowatt hoars. 

Alabama 350,000,000 

Georgia 200, 000, 000 

Tennessee* 150, 000, 000 

North Carolina and South Carolina 300, (KX), 000 

1, 000, 000, 000 

94. The recommendations for additional power construction to 
meet this demand will be treated below by States for individual 
State requirements, and a separate recommendation will be made for 
additional lines to constitute an interconnection between the State 
systems in order to afford a means for utilizing the diversity be- 
tween the State requirements for exchange and equalization between 
sources of steam and hydro power in the respective States, and a 
means for interstate transmission from points of most efficient 
generation. 

95. In preparing figures for additional power, consideration was 
given to tne conditions xmder which the power would be used, which 
we have estimated for the industries of the Southern States, at an 
average production of 4,800 hours per year per kilowatt of maximum 
load (65 per cent annual load factor). (See Appendix 1.) 

STATE OF ALABAMA. 

96. To determine upon a plan for increasing.the power system capac- 
ity in Alabama, preliminary studies were made of the available 
natural resources for power generation, and tentative figures were 
compiled for the construction and operating costs of power develop- 
ments as follows : 

The Coosa River for unregulated flow of river powers, In conjunction with 
steam plants. 
The Coosa Kiver powers regulated by Etowah storage. 

^Thls is taaed on a reduction in tbe electrochemical load for aluminum manufacture 
heretofore supplied by the Tennessee Power Co. 
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The devekipment of Little Uiver power. 

The direct generation by supersteani power plants located at coal niiues. 
Tlie development of the Tallai)oosa River with a large storage reservoir at 
Cherokee Bluff. 

97. Tallapoosa River developinent, — As a result of the preliminary 
examinations, it was decided that the development of the Tallapoosa 
River, in conjunction with the present system of the Alabama J*ower 
Co. described in Part 1 under Alabama, will afford the most practical 

elan in Alabama for securing a large increase in power production, 
"urthermore, this development can be advantageously used in combi- 
nation with the Muscle bhoals water power when completed. The 
following figures show approximately the results that would be 
secured by developing the Tallapoosa River in conjunction with the 
present Alabama Power Co. system. This combination will later be 
considered in conjunction with Muscle Shoals power and with the 
power systems of the other Southern States. 

98. The reliable prime power capacity of the existing Alabama 
Power Co. system described in Part 1, under State of Alabama^ is 
80,000 kilowatts capable of economically generating 385,000,000 kilo- 
watt hours per year under the anticipated daily and annual varia- 
tions of load. 

Note. — ^The aggregate amount of power in Alabama served by central stations 
outside of the districts reached by the Alabama Power Co.'s distribution is rela- 
tively small. ( See Appendix 4. ) 

99. For the best utilization of the Tallapoosa River, in conjunction 
with this system, the following generating plant construction and 
operating estimate has been prepared for new hydro plants on the 
Tallapoosa River, aggregating 150,000 kilowatts installed capacity, 
together with a reservoir capable of storing water sufficient to gener- 
ate 270,000,000 kilowatt hours with a draft of 60 feet (64,000,000,000 
cubic feet) on the reservoir. 

XoTK. — The proposed reservoir dam locatiiin is at Cherokee Bluff al a site 
described by MaJ. H. B. Ferguson, in House Document No. 253, Sixty-third Con- 
gress, first session, page 53. 

100. The figures on the Tallapoosa River development as a source 
of power for the State's industries include (in addition to the cost 
of the storage reservoir and generating plants) the necessary main 
high-tension trunk lines and substations for the transmission of the 
Tallapoosa power to the principal main centers of distribution estab- 
lished by the Alabama Power Co. and already a part of their system. 

Description : 

Cherokee Bluff Dam, to give maximum elevation of pool 

level (U. S. Geological Survey datum) feet— 490 

Total head developed In three developments do 245 

Average effective operating bead, allowing for draw down 

on pond feet— 230 

Capacity of storage reservoir (for50-ft. draft)— cubic feet— 64,000,000,000 
Kilowatt hours available from storage (with 50-ft 

draft) kUowatt hours— 270, 000,000 

Generating capacity installed kilowatts 150, 000 

Kilowatt hours produced In average year — ^kilowatt hours— 640, 000, 000 

Nons. — ^Based on stream flow at Sturtevant, Ala. (drainage area 2,500 
square miles), plus 525 square miles between Sturtevant and Cherokee Bluff. 
See United States Geological Survey Water Supply Paper and United States 
Geological Survey Quadrangles. Correction for evaporation made by deducting 



THE POWER SITUATION DURING THE WAR. 253 

area of reservoir of 70 square miles. Drainage area 8,026 square miles less 70 
square miles equals 2,955 square miles. 

Cost: 

Elstimated cost of hydroelectric development Including over- 
flowed lands (three dev^opments) $19,030,000 

Estimated cost of transmission lines and right of way 3, 326, OOD 

Estimated cost of substations 1,386,000 

23, 742, 000 
Additional installation at Lock 12 : 

Estimated cost of installing sixth unit at Lock 12 375, 000 

Estimated cost of equalizing dam below Lock 12 to regu- 
late flow for navigation 119,000 

Total cost 24, 236, 000 

Note. — ^The estimated costs given above include an allowance of 10 per cent 
to cover the interest during construction and the period of loading the plant 

101. Generating capacity. — ^The combination of the present Ala- 
bama Power Co. system (including the new Government 30,000- 
kilowatt generator recently installed at the Warrior steam plant) 
together with the proposed Tallapoosa 150,000-kilowatt development 
will have an operating capacity of 230,000 kilowatts, capable of 
generating 1,110,000,000 kilowatt hours annually under the antici- 
pated conditions of service, or an increase of 725,000,000 kilowatt 
hours over the annual capacity of the present Alabama Power Co. 
system, and will be capable of producing this prime power in years 
of minimum river flow. 

102. To produce 1,110,000,000 kilowatt hours in a year of normal 
or average river flow in the Coosa and Tallapoosa Kivers, the coal 
consumption in the steam plants of the proposed systems would be 
210,000 tons annually, based on a coal consumption of 2.10 pounds 
of coal per kilowatt hour. 

103. From this amount of power must be deducted the amount of 
power generated by water by the Montgomery Light & Water Power 
Co. and the Tallassee Mills, whose existing plants would be sup- 
planted by the proposed Tallapoosa development. This amounts to 
29,800,000 kilowatt hours annually. (See pt. 1, Montgomery Light 
& Water Power Co. and Tallassee Falls Manufacturing Co.) The 
net increase for distribution in the industrial centers equals 695,200,- 
000 kilowatt hours annually. 

NoTR — In seasons of normal river flow It Is estimated that the generation of 
power aggregating 1,110,000,000 kilowatt hours annually will be produced, as 
follows : 

By the present Lock 12, C5oosa River, hydro plant and Jackson Shoals plant, 
370,000,000 kilowatt hours. 

By the proposed Tallapoosa development, 540,000,000. 

By the steam plants of the Alabama Power Co. system, 200,000,000 kilowatt 
hours. 

Total, annuaUy, 1,110,000,000 kilowatt hours. 

104. Co8t of operation and maintenance of the proposed new 
plants. — In the ^^res below no statistics are compiled or estimates 
made of the operating and maintenance cost of the Alabama Power 
Co.'s present system* The cost of power to be generated by the new 
facilities of the proposed Tallapoosa development, when combined 
with the present system, induaes only the annual operating and 
maintenance cost of the new hydro plants and main transmission 
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lines to deliver the power to the substation centers of the present 
system, plus the cost of the additional coal required in the steam 
plants to supplement this power. The additional coal is figured as 
the difference between the amount required to supplement tiie full 
capacity of the present system (the production of 385,000,000 kilo- 
watt hours yearly), 115,000 tons, and that required to supplement 
the combination of the present system and the new devedopments 
1,110,000,000 kilowatt hours, 210,000 tons, or an increase of 95,000 
tons. 

105. As stated above, the net increase in power production from 
the Tallapoosa developments combined with the present system as 
compared with the full-load capacity of the present system alone is 
695,200,000 kilowatt hours annually. The cost of operating these 
new hydro stations and transmission lines is estimated at $216,000 
annually. (See Appendix 1.) This amount of power will require ad- 
ditional coal consumption, as outlined above, of 95,000 tons. 

16,000 tons at Gadsden, at ^.10 $46, 600. 00 

80,000 tons at Warrior, at $2.13 170,400. 00 

AnnuaUy (see Appendix G) 216,900.00 

Taking the charges to capital, depreciation, obsolescence, and taxes 
at 10 per cent annually, this charge on the capital cost of $24,236,000 
will be $2,423,600 annually. The sum of these costs $2,856,600 repre- 
senting the cost of producing and delivering the power to tke in- 
dustrial centers, is equivalent to 0.411 cents per kilowatt hour of 
energj' available for distribution. 

STATE OF GEORGIA. 



106. In order to arrive at the most practical and economical 
means of producing electric power in excess of the present vener- 
ating capacity of the existing central power systems of this otate, 
careful analysis has been made of various natural resources for 
power generation. The figures have been prepared on the basis of 
an annual load factor of 55 per cent. (See Appendix 1.) 

Note. — ^The annual load factor on the system of the Ctoorgla Railway & Power 
Ck>. was 39.7 per cent In 1917 and 41.1 per cent in 1918, but when operated as 
proposed In conjunction with the large power systems of adjacent States the 
diversity of the loads and the increase of connected service wiU raise the load 
factor to 55 per cent 

107. The individual generating capacities of the major power 
systems in kilowatt hours per year of prime power are when operated 
as individual systems without intercnange of power, in a year of 
average river flow and including steam plant operation, as follows : 



OtoTf^ RaUtniy & Power Co. (with Burton Beservoir com- 
pleted).. 

Colambus Power Co 

Central Qeorgia Power Co 

TototkfiowAtthouni per year 



Hydro. 



250,000,000 

110,000,000 

68,500,000 



L 



418,500,000 



Steam. 



35,000,000 

10,000,000 

6,500,000 



41,500,000 



Total printf 
power. 



275,OOQ,ono 

120,000,000 

66,000.000 



460,000,000 
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108. If these systems were combined and operated as one system, 
with sufficient transmission-line capacity for interchange of power, 
in a year of average river flow the combination would be capable of 
generating annually without steam-plant operation 500,000,000 kilo- 
watt hours of prime power. 

109. In a year of minimum recorded river flow the prime gener- 
ating capacity of the combined systems would be 500,000,000 kilowatt 
hours, of which 112,000,000 kilowatt hours would be produced by 
steam. 

Note. — ^The figures for power from the combined systems for the driest year 
are based on the run-off of 12 months ending September 30, 1914 (which for the 
rivers In Georgia was lower than for 1904). The figures are based on starting 
the year with water for 50,000,000 Isilowatt hours stored in the Burton and 
Ma this Reservoirs, which have a combined capacity when full equivalent to 
70,000,000 kilowatt hours. During such a year the total draft on the storage 
reservoirs would be equivalent to 46,000,000 kilowatt hours and the water 
caught in storage equivalent to 16,000,000 kilowatt hours, leaving stored water 
for 20,000,000 kilowatt hours in the reservoirs at the end of the year, which 
would be the lowest stage of the storage during the year. The steam plants 
having a combined capacity of 22,000 kilowatts would produce 112,000,000 
during tills driest year. During an average year with the above production of 
prime power there would be available from 40,000,000 to 70,000,000 kilowatt 
hours six months power. 

110. It is recommended that for the best utilization of the existing 
systems of the State of Geor^a, as outlined above^ and for improved 
reliability of service, the major systems of Georgia should be inter- 
connected with high-tension transmission lines of ample capacity 
for exchange of power between the various systems and the plante 
thereof, and should be operated for the most economical utilization 
of the existing power plants without consideration of individual 
ownership whereby in a year of average river flow the total generat- 
ing capacity of the systems would be increased as above shown hj 
40,000,000 ^lowatt hours over their capacity when operated as indi- 
vidual systems; and the generation by steam would be reduced in an 
average year from 41,500,000 kilowatt hours (requiring 58,000 tons 
of coal) to no steam operation. 

111. In addition to the increased power available from a complete 
interconnection and joint operation of the present systems, and in 
order to provide for an increase of 200,000,000 kilowatt hours of 
estimated new load on a State-wide power system, preliminary stud- 
ies were made of the available natural opportunities for power gen- 
eration, and tentative figures were compiled for the construction and 
operating costs of power developments, as follows : 

The Tallulah River below Mathis Reservoir. 
The Chattahoochee River at Bartletts Ferry and at other points. 
The Tngaloo River at Tugaloo, 2 miles below Tallnlah Falls, and at Ralston, 
7 miles below Tallulah Falls. 
The Chattooga River, with four power sites and storage reservoir. 
The Savannah River at Calhoun Falla 
The Flhit River. 

112. From present knowledge of the developments it appears that 
the best economy for increased power supply can be secured from 
the Mathis, Tugaloo, the Kalston, or the Bartletts Ferry devdop- 
ments, and in combination with all the existing systems^ and it was 
decided to figure on these four proposed powers as affordmg the most 
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practical plan for securing a large increase in power for the State. 
The following figures show approximately the results that would be 
secured by these developinents in combination with the present 
Georgia systems. This combination will later be considered in 
conjunction with Muscle Shoals power, and with the power systems 
of the other Southern States. 

118. Proposed ChattahoocJiee^ TaUvlah^ and Tugcdoo River de- 
vdopvients, — The plants of the major power systems of the State of 
Georgia are Georgia Railway & tower Co., the Central Georgia 
Power Co., and the Columbus Power Co. They have an a^regate 
installed capacity of 117,760 kilowatts in hydro plants ana 21,500 
kilowatts in steam plants, as previously describea, and are capable 
of economically generating 600,000,000 kilowatt hours of prime 

Eower annually, which is equivalent to a system load of 104,000 
ilowatts at 66 per cent annual load factor. (^See Appendix 1.) 
114. For increasing the power in the State oy 188,000,000 kilowatt 
hours annually, a lavorable development would be the proposed 
Mathis and Tugaloo power sites of the Georgia Railway & Grower 
Co. For increasing tiie power in the State by 286,000,000 kilowatt 
hours of prime power annually, a favorable development would be 
the proposed Mathis, Tugaloo, and Ralston power sites of the same 
company. The Bartletts Ferry development of the Columbus Power 
Co. would furnish an annual increase of 176,000,000 Mlowatt hours. 

116. The following statement gives approximate data on the pro- 
posed installed capacity of these developments, the prime annual 
output, and the cost : 

ElevfUion of dam creata (Z7. 8. Cfeologioal Survey datum). 

Feet. 
Mathis 1,689 

Tugaloo 890 

Ralston 745 

Bartlett Perry 519 

Total head developed. 

Mathis (maximum, 189 feet; minimum, 100 feet) ; average 175 

Tugaloo 135 

Ralston 100 

Bartlett Perry 110 

CapacHy of reservoirs {vnthin available draw-doum for use with above plants). 

Cable feet 

Mathis 1, 870, 000, 000 

Burton (under construction) 5,000,000,000 

Generating capacity to be installed. 

KUowatti. 

Mathis 12,000 

Tugaloo 48, 000 

Ralston 40. 000 

Bartlett Perry 88, 000 

186,000 
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KUotoatt hours produced in average year. 

Kilowatt hours. 

Matlils 60, 000, 000 

Tugaloo 125, 000, 000 

Ralston 100, 000, 000 

Bartlett Ferry 175, 000, 000 

400,000,000 

(Estimated with use of Burton and Mathis storage reservoirs combined with 
flow of Tallulah, Chattooga, and Chattahoochee Rivers.) 

Cost. 

Estimated cost of hydroelectric developments, including overflowed 
lands: 

Mathis $1, 650, 000 

Tugaloo 3, 850, 000 

Ralston 4, 070, 000 

Bartlett Ferry 4, 000, 000 

Those costs do not include transmission lines or substations, but do include 
stei>-up transformers at generating stations. For unit costs of transmission 
lines and substations see Appendix 6. 

116. The "kilowatt hours produced in average year," as noted 
above, express the additional prime capacity which may be obtained 
bj' the individual developments, respectively. Furthermore, they 
are hydro power capacity, and in a year of average stream flow and 
if operated jointly m a combined system, as recommended above, no 
steam power would be required. 

STATE OF TENNESSEE. 

117. For the past threevears approximately half of the output of 
the power system of the Tennessee Power Co. has been taken hv the 
Aluminum Co. of America for the electrolytic production of alumi- 
num. The latter company is now building hydroelectric develop- 
ments in Tennessee and North Carolina, and looks forward to furnish- 
ing its own power needs. This action will release some 200,000,000 
kilowatt hours annually, which will be available for supplying future 
demands on the power company system. It is anticipated that a 
large portion of this surplus will be taken by new industries in the 
near future. In addition to this, there are several new developments 
which have been studied whose construction is recommended, shoxdd 
further additional power be required. They are : 

No. 3 development on the Ocoee River : 

Operating head feet_- 260 

In.«Jtalled capacity kilowatts.- 15, 000 

Estimated cost $4, 000, 000 

No. 4 development on the Ocoee River : 

Morgantown reservoir storage capacity acre-feet— 80,000 

Or when used through Nos. 1, 2, and 3 power plants with an 

aggregate head of 620 feet kilowatt hours— 37,000.000 

Estimated cost $1, 155.000 

A second unit in the Great Falls plant : 

Capacity of unit kilowatts— 9. 375 

Estimated cost 1685. 000 

118. The construction of the above additions and their joint op- 
eration with the existing system of the Tennessee Power Co. wul 
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increase the generating capacity of the system to 460,000,000 kilo- 
watt hours per annum, and on the basis of a 55 per cent load factor 
the peak capacity will be raised to 95,000 kilowatts. In a year of 
averse river flow no steam-generated power will be required. 

SUMMARY AND RECOMMENDATIONS. 

119. The following is a general summary of the preceding studies 
and a recommendation for the interconnection of all the power 
systems of the Southern States and for their ioint operation, and a 
further recommendation for additional hydroelectrical developments 
to make possible the conversion of isolated plant service to central 
station systems and to provide for the power requirements of grow- 
ing indu^ries. i' 4 e 

PRESENT ALABAMA SYSTEM. 

120. The prime generating capacity of the present Alabama sys- 
tem in kilowatt hours per annum is as foUows: 

(a) In an average year: Kilowatt honn. 

Hydro power 275,000,000 

Steam power 110,000,000 

Total power 385,000,000 

(6) In an extremely dry year: 

Hydro power 242,000,000 

Steam power 143,000,000 

Total power 385,000,000 

PRESENT GEORGIA SYSTEM. 

121. Assuming that the present three major systems in the State 
of (Georgia are interconnected and operated as one system, the com- 
bined system will have the following generating capacities in kilo- 
watt hours per annum : 

(a) In an average year: Kilowatt hours. 
Hydro power 500,000,000 

(6) In an extreme dry year: = 

Hydro power 370,000,000 

Steam power 130,000,000 

Total power 500,000,000 

PRESENT TENNESSEE SYSTEM. 

122. The present Tennessee system will have a prime generating 
capacity limited by the present steam equipment when used to main- 
tain this prime capacity m an extreme dry year. 

(a) In an average year: Kilowatt hour* 

Hydro power 873,000,000 

Steam power 12, 000, 000 

Total power 385, 000, 000 

(h) In an extreme dry year: = 

Hydro power 845,000,000 

Steam power ^ • 40,000,000 

Total power 385, 000, OOO 
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PROPOSED PLAN FOB INTERCONNECTING THE MAJOR POWER STSTEBfS FOR 

JOINT OPERATION. 

123« It is recommended that an interconnection be made between 
Georgia and Alabama by a single circuit 110,000-volt line from 
Acniston, Ala., to Cedartown, Ga., 55 miles, with voltage and j>hase 
regulating apparatus at both of the above points, and by a single 
circuit 110,000- volt line from Lock 12 on the Coosa River in Alabama 
via Cherokee Bluff to West Point, Ga., 90 miles, with voltage and 
phase regulating apparatus at West Point. Approximate cost of the 
connections willbe $2,130,000. 

124. To make a connection between the Tennessee and Georgia 
systems a single circuit line (with voltage and phase regulating 
apparatus) will be required between Cedartown, Ga., and the Cleve- 
land switching station of the Tennessee Power Co. in Tennessee, a dis- 
tance of 140 miles. The approximate cost of the interconnection will 
be $1,920,000. 

125. The operating capacity of the present systems combined as 
above in kilowatt hours per year will be as follows : 

(a) In an average year: Kilowatt hours. 

Hydro power 1, 238, 000, 000 

Steam power 132, 000, 000 

Total power 1, 370, 000, 000 

(b) In an extreme dry year: 

Hydro power 1, 040, 000, 000 

Steam power 330, 000. 000 

Total power 1, 370, 000, 000 

Recommended new develo^menta. — ^To meet the future power re- 
quirements of the growing industries of these three States and to 
convert isolated power plants to central-station service there are a 
number of undeveloped water-power resources which may be used. 
These are given below ; their capacities when operating in conjunc- 
tion with the present systems are given in kilowatt hours per year. 

126. Combined capacity, including Tallapoosa : 

In an average year — Kilowatt hoars. 

Hydro power 1, 946. 000. 000 

Steam power 154, 000, 000 

Total power 2,100,000,000 

In a dry year — 

Hydro power 1. 490, 000, 000 

Steam power 610, 000, 000 

Total power 2,100,000,000 

The total increase from Tallapoosa development (695,200,000 kilo- 
watt hours) will cost $0.0046 per kilowatt hour, including fixed 
charges, taxes, and operation. 

Note. — 695 200,000 kilowatt hours annual increase from Tallapoosa, as above, 
is less by 15,000,000 kilowatt hours than the anticipated increase In central- 
station service for the three States during the next five to seven years, as pre- 
viously discussed (par. 9, etc.). 

Note. — ^The estimates of cost for generation and high-tension transmissions 
do not include distributing expenses. They only provide for the delivery of 
power at the main substation bus bars, corresponding in point of delivery to 
the bus bars of steam or other generating plants located in Industrial centers 
from which distribution is carried. Neither is allowance made for energy lost 
in distribution. 
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127. Looking further to the future than five to seven years, or in 
case large electro-chemical or other unforeseen uses call for ftirther 
extension of the interstate power systems, other power resources are 
available for development to add to the capacity and further in- 
crease the central power resources of the three States. 

Note. — It Is noted that while Tallapoosa development is set out above as the 
logical first step for increasing power of an interconnected system for three 
States, expediency may determine that Tallapoosa development may not be the 
first development accomplished. 

128. The logical sequence of further developments following 
Cherokee or Tallapoosa as above, would depend upon the use to be 
ihade of the Muscle Shoals plant on the Tennessee River now being 
built by the Government. If the Muscle Shoals power is not to be 
distributed in the industrial power sections of the States, the next 
lo^cal development would be the Bartlett Ferry development on the 
Chattahoochee River in Georgia. The Bartlett Ferry site may be 
developed for an installation of 36,000 kilowatts. This development 
when mteroperated with the systems of the three States would 
make possible the following generating capacity: 

In an average year (Tallapoosa and Bartlett Ferry included) : Kilowatt hours. 

Hydro power 2, 120, 000, 000 

Steam power 110, 000, OOO 

Total power 2,230.000,000 

129. Following this, if still further development is required, the 
next development in order would be the Mathis-Tallulah development 
on the Tallulah River, Ga., between the Mathis Reservoir and 
Tallulah Lake, and the Tugaloo development on the Tugaloo River, 
Gra., immediately below the confluence of the Chattooga River. 
The generating capacity of the entire system with these developments 
in service would be : 

In an average year : Kilowatt hoan. 

Hydro power . 2, 336, OOO, 000 

Steam power 104, 000, 000 

Total power 2,500,000.000 
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ADVANTAGES OF CENTRAL SYSTEMS AND THEIR INTER- 
CONNECTION AND EFFECT OF INTEREST CHARGES ON 
COST OF POWER. 

130. Under the existing conditions of power generation, par- 
ticularly in the industrial and populous di^ricts, there is a serious 
waste of resources and a heavy expense for labor and materials for 
power production that can be and should be eliminated by further 
centralization of power generation, by unifying the operation of 
existing central electric systems^nd by discontinuing power produc- 
tion in isolated steam plants. The States under consideration have 
splendid water-power resources which are only partly developed, and 
even the developments already made are not sufficiently intercon- 
nected and are not operated for the best interchange of facilities to 
secure the highest economy and reliability of service. The results 
in economy and reliability secured by existing hydro plants in these 
States are favorable as compared with power generated in isolated 
steam plants, and they afford a firm foundation of experience that 
demonstrates the economy and reliability of hydro power supple- 
mented where necessary by large and efficient central steam plants 
favorably located for coal and condensing water. 

131. Tue major central station systems of the three States in 
question are furnishing 1,220,000 kilowatt hours annually. Our in- 
vestigation shows, however, that in the districts occupied by the 
central i^stems oi these States there are millions of kilowatt hours 
produced annually by relatively small and inefficient steam plants ; 
that numerous new isolated steam plants are bein^ built or are pro- 
posed for industrial work. A satisfactory central station service to 
dispense with the present isolated plants and to provide for antici- 
pated increased needs during five to seven years should now be 
started or arranged for. This will recjuire an increased annual pro- 
duction by central stations of a billion kilowatt hours, which, if 
provided by hydroelectric plants instead of isolated steam plants, 
will save a large amount of coal annually. Proper interconnection 
and joint operation of the central station systems themselves would 
make a further annual saving of thousands of tons of coal as com- 
pared with the present central station methods. 

132. The general plan for interstate power service described in 
this report is devised with the purpose of producing the requisite 
power at the lowest obtainable capital and operatmg cost com- 
mensurate with the highest degree of service reliability. 

133. In the existing going power companies, with their central 
generating plants and transmission line systems and regulating 
reservoirs on the rivers as a foundation for future construction, fur- 
ther expenditures should secure proportionately larger r^ums in 
power produced than expenditures heretofore made. Furthermore, 
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the work already done has demonstrated the practical economy of 
water powers in the Southern States so that the hazard of new in- 
vestments in work of this character should be small and the neces- 
sary capital should not cost as much in interest charges as capital 
heretofore secured. To obtain cheap power from water powers this 
is of first importance, since the operatmg cost of hydro plants is 
small, and the principal cost of hydro power is the fixed charges on 
the investment. 

134. We note that two things, entirely within the control of the 
bodies politic under which power companies operate, are working 
against low rates for power supplied by public service electric com- 
panies from central systems. 

135. First, the high rate of interest paid by public service electric 
companies on money invested in their business reacts necessarily in 
the price of power. High interest rates result largely from un- 
certainty regarding the earnings that electric companies will make 
depending on the rates that wQl be allowed by public service com- 
missions, municipalities, or other regulatory bodies. If investors 
were practically assured of a definite return, even though a modest 
one, on their money invested in well designed and operated power 
properties, power companies would be able to obtain capital at much 
less cost than under present conditions where political commissions, 
that are frequently subject to change and are often inexperienced, 
regulate prices. 

136. Certain States, which have established and announced what 
they consider a fair rate of return on public utility investments, 
have thereby, by direct announcement or otherwise, substantially 
guaranteed the earnings of utility companies, a procedure that must 
encourage utility inve^ments in such States and reduce interest rates, 
and thereby cheapen the cost of service. 

137. Second, the high cost of money that results from the uncer- 
tainty regarding the earnings on capital invested in electrical power 
properties curtails the con^ruction of these properties, and conse- 
quently delays the adoption of central station power to supplant 
isolated power plants and at the same time retards the construction 
of central station plants of larger sizes and the corresponding superior 
economy in power generation. 

138. These two conditions in the power business, namely, the high 
cost of money and the restricted size of generating plants, work 
together to increase the cost of power and place an unnecessary bur- 
den on industries. 

ADVANTAGES TO BE OBTAINED FROM INTERCONNEC- 
TION OF THE LARGE EXISTING POWER SYSTEMS AND 
THE FUTURE POWER DEVELOPMENTS. 

189. The advantages of the interconnection of large power systems, 
which are in themselves self-contained and whose generating plants 
are already interconnected by tie and distribution lines for inde- 
pendent economical operation, have been partially brought out in 
l^art Three. Though actual figures of the amount of power possible 
of transfer over a proposed interconnection may not in themselves 
justify the interconned;ion of State systems, there are other addi- 
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tional facts that point to the advisability of such interconnections. 
Such 



(1) The increased reUability of operation; 

(2) The reduction of the total reserve capacity required for an intercon- 
nected system oyer the aggregate amount required in separately operated 
systems ; and» further, the better utilization of that reserve capacity ; 

(3) The advantage arising from the diversity of loads existing in a larger 
system; 

(4) A diversity also in the natural stream flow between the drainage areas, 
both during the seasons* of any one year and during longer periods of a year 
or more, it has been found that the flow in one stream is above its own average 
flow, while during the same i)eriod the flow of another stream of an adjacent 
drainage area is below its average flo^ ; 

(5) A reduction in the amount of steam power required for an intercon- 
nected system over the aggregate amount of steam power that would be re- 
quired in separately operated systems; this is discussed elsewhere; 

(6) The maximum operation of the most efficient steam plants to supply 
any given amount of steam i>ower required in the combined system from the 
viewpoint of economy and coal transportation; 

(7) The economy possible in plant construction whereby any newly con- 
structed plant will be loaded up in shorter time, such new power plant addi- 
tions will be built in successive steps instead of several plants, one for each 
separately operated system, being constructed simultaneously; 

(8) The poflsibiUty of a more Judicious location of steam plants, such as at 
coal-producing centers and at points accessible to condi^sing water ; 

(9) Secondary power in large lots made possible by the summation of small 
amounts of secondary power existing In the separately operated systems, but 
occurring simultaneously, which may be used for aluminum or other electro- 
chemical processes; and 

(10) With reference to this particular interstate system, a very large etyston 
will be created which will serve in advance as a preparation for the distribution 
of the very large blocks of power which will be made available by tiiie Muscle 
Shoals development until such time as the growth of additional market in the 
immediate vicinity of Muscle Shoals will take over its power. 

7103—21 ^18 
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GOVERNMENT HYDROELECTRIC DEVELOPMENT AT 

MUSCLE SHOALS, ALA. 

RECOMMENDATIONS FOR ITS UTILIZATION. 

140. The proposed hydro development at Muscle Shoals author- 
.ized by the Government and now being built under the direction of 
the Chief of Engineers, United States Army, provides for a high dam 
•in the Tennessee River and the installation of electric machinery for 
the generation of power. The river flow and other natural conditions at 
the site selected will [)ermit the generation of 60,000 kilowatts during 
stages of low water in an extreme low year, and 300,000 kilowatts 
can be generated during five months in years of normal river flow. 

141. By act of Congress (39 Stat., 215) it is provided that " the 
plant or plants provioed for under this act shall be constructed and 
operated solely by the Government and not in conjunction with any 
other industry or enterprise carried on by private capital." The 
terms of the act are such that it would be unlawful to interconnect 
this plant with central station power systems of the Southern States 
and use even a portion of this power for other than GovemniMit in- 
dustries. 

142. This report on the power resources of the Southern States 
has been prepared to point out the most economic and reliable source 
of power that can be utilized for serving the industries of the South 
with a view to securing maximum economy in generation, and the 
resources in water and steam power thus far considered have ex- 
cluded the Muscle Shoals project, by reason of the existing law pro- 
hibiting the use of this power for private purposes. 

143. The procedure is illogical and unreasonable, because in order 
to provide cneap power it is necessary that the best sources of power 
be used, whether they are hydroelectric developments usin^ the nat- 
ural flow of the rivers, or whether they are hydroelectric powers 
with storage reservoirs that conserve the water during high-water 
stages for use durinjg low-water stages, or whether they are sources 
of steam power, ana further it is necessar}^ to operate these powers 
jointly to obtain maximum economy, reliability, and conservation of 
resources in fuel, labor, and materials. 

144. The best economy and reliability can not be secured by any 
one development, whether it. is hydropower by flow of stream, or bv 
storage, or steam power, but will be obtained by a suitable combina 
tion of these different sources and by the interconnection of the sys- 
tems supplied by them. Muscle Shoals has been selected by the Gov- 
ernment as a favorable location for the production of cheap power. 
The proposed design will furnish 100,000 kilowatts of prime power 
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and 200,000 kilowatts of second-class power in an average year. The 
steam plant of 60,000 kilowatts whicn the Government has installed 
at Muscle Shoals is capable of converting a portion of the second- 
class power to prime power. But this combination with a steam 
plant at Muscle Shoals, regardless of whatever economy maj result, 
can not be, broadly speaking, as favorable for all interests, either the 
(Tovemment interests or private interests, as a combination of the 
Muscle Shoals steam and hydro powers with an interconnected 
group of public-utility systems as described in this report. To seg- 
regate the Muscle Shoals power facilities from the other systems of 
the country is contrary to the policy recommended and strongly ad- 
vocated, tnat is, of interconnecting all of the efficient going power 
systems and jointly operatinj^ them for maximum economy. The 
same principle which works for increased economy by interconnect- 
ing the public-utility power systems of the Southern States applies 
to a further interconnection including the Muscle Shoals plants, and 
in the interest of cheap and reliable power the law should be changed 
and the interconnection and joint operation of all of the developed 
powers should be provided for. 

145. It is important that the law should be modified and the plans 
perfected at an early date for the joint operation of all of the south- 
em electric utilities and the Muscle Shoals power, since the recom- 
mended future construction for development of power facilities for 
the Southern States must deptend, in a large measure, on whether or 
not Muscle Shoals will be available for other than Government work. 
For instance, if Muscle Shoals power is to constitute an important 
source of the generating capacity of an interconnected system for the 
Southern States, the logical procedure for other developments by the 
public-utility companies will be to build hydro plants with large 
storage reservoirs and steam plants, both of which will work 
economically in conjunction with the second-class power of Muscle 
Shoals, instead of developing additional flow of stream hydro power, 
which they might otherwise do if Muscle Shoals will not eventually 
be available for interconnection; and, on the other hand, if they 
develop flow of stream power, instead of storage hydro or steam 
power, for lack of assurance that Muscle Shoals will not be available 
in a few years, their own resources will not be of a nature to ad- 
vantageously supplement Muscle Shoals and turn its second-class 
power into prime power should the Government policy later be 
changed. Even if a Government demand is built up for the entire 
use of Muscle Shoals, the Government would be nandicapped in 
having a large amount of second-class power, which is not as valu- 
able as prime power, and for which it would not have the most 
effective source for conversion of second class to prime power. 

146. It is especially desirable that the interconnection to the com- 
bined southern power system be available for the purpose of dis- 
tributing the Muscle Shoals power immediately upon its completion, 
and at least until its own market can be obtained, and that the devel- 
opments for the next 5 to 10 years be directed toward the construc- 
tion of such plants as will advantageously supplement Muscle Shoals. 
By this is meant that by the time Muscle Shoals is completed it is 
perfectly practicable for the power systems of the Southern States 
to acquire a connected load that will absorb a large part of the Muscle 
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Shoals output and to have installed such plants of their own creation 
as will be useful to turn Muscle Shoals second-class power into prime 
power. 

147. It is argued that the Government steam plant can be used, 
when the hydro plant at Muscle Shoals is finished, to turn a large 
part of the second-class power into prime power. This is true; it 
can be used, but it is not the best plan available. There are large 
steam plants already built, and othera will probably build before 
Muscle Shoals is completed, which, because of their more advanta- 
geous location for fuel, can make steam power more cheaply than 
the (Tovernment steam plant at Sheffield. Also, if the future load for 
Muscle Shoals is in a larsfe part located at industrial centers in 
Alabama instead of in the Muscle Shoals-Sheffield district, the exist- 
ing steam plants and prospective future steam plants will be more 
favorably located than the Muscle Shoals steam plant for joint oper- 
ation with Muscle Shoals hydro power. This feature is important 
from standpoint of reliability or service and transmission cost as 
well as in economy of generation. In fact, if Muscle Shoals is inter- 
connected with the other southern power systems and generally oper- 
ated with them for maximum economy, the steam plants in the indus- 
trial sections of Alabama, and favorably located at the mines for 
cheap fuel, would be put into operation in case of low water before 
the Muscle Shoals steam plant would be started. 

148. If interconnection between Muscle Shoals and the big public 
utility power companies of the Southern States is not planned for in 
the near future and eventually carried out under favorable condi- 
tions, the Government development at Muscle Shoals is liable to 
result, not in cheapening power for the industries of the South, but 
rather in increasing the cost. . It is a matter of common knowledge 
that one of the large private interests acquired the water-power site 
at Muscle Shoals and spent a large sum ox money in i>reparation for 
a hydro development similar to the one now being built oy the Gov- 
ernment, with the intention of distributing this power to the indus- 
tries of Alabama, which would logically^ later on, through intercon- 
nections, be extended to service in Georgia and Tennessee. The Gov- 
ernment has come into the situation and taken over this source of 
power and is building the plant, as provided by law, exclusively for 
Government use, and if this is earned out, it will result in private 
industries being deprived of this natural resource, which, by reason 
of the Government's own action in selecting this power for its use, 
may be I'egarded as a cheap source of power. 

149. We have no figures as to what the Government estimates the 
cost of Muscle Shoals power will be, either primary power or second- 
class power, since the undertaking at this place is for the joint pur- 
pose of improving navigation and for creating power, and we are not 
informed as to the proportionate charge that goes to these two 

Purposes. It is, however, obvious that if a big power load is to be 
uilt up about Muscle Shoals, it must be done either by direct Gov- 
ernment operation or else the attraction in the way of low-priced 
power must be very marked to divert manufacturing rrom the present 
industrial centers and favorable locations for raw materials and 
transportation, to the district adjacent to Muscle Shoals, which is 
sparsely developed industrially. If the inducement in the way of 
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cheap power is sufficient to overcome the natural conditions as es- 
tablished bv the superior industrial progress in other sections, the 
power at Muscle Shoals must be made available at a relatively low 
rate, which also, without the modification of the present law, would 
have to be wholly for Government purposes. 

150. It therefore appears that a broad and well-founded jud^ent 
would dictate that the Muscle Shoals development should be inter- 
connected for exchange of power with the existing power systems 
of the Southern States, and that this interconnection and exchange 
should be arranged for without delay, so that future construction, 
both at Muscle Shoals and elsewhere, can be directed for the pro- 
duction of plants which will supplement each other for economy of 
construction and operation. 
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Appendix E-1. 
annual system load factors of the southern power stbte1i8. 

For the purpose of this report the capacity of and the operating costs of 
various proposed power plants in the Southern States are figured on a com- 
mon basis of 4,800 kilowatt hours of annual production for each kilowatt of 
demand on the system at the time of maximum load during the year. Tlie load 
factor of the major systems of the Southern States during past years varies 
through wide limits. The actual weighted average annual load factor of all 
the major systems for the year 1917 was 50.2 per cent. For the same year, the 
weii^ted average annual load factor of the power systems of Alabama, Georgia, 
and Tennessee was 59 per cent. The latter figure was raised by the power 
furnished to the Aluminum Co. by the Tennessee Power Oo. and to the elec- 
tric steel and to the metallurgical furnace loads at Annlston by the Alabama 
Power Co. It did not Include any power delivered to the nitrate plant at 
Muscle Shoals. In preparing these weighted averages no allowance was made 
for diversity between peak loads on the various systems. 

In preparing figures for additional future power supply and assuming an 
interconnected system consideration was given to the conditions under which 
the power would be delivered. For serving the combined Industries of the 
Southern States we have estimated an average annual production of 4,800 
hours per kilowatt of maximum system load during the year (55 per cent annual 
load factor). This is believed to be the output that will be requlri^ to meet 
the demands of industry fiuctuatlng between daytime load and nighttime load 
and Sunday and week-day loads and for seasonal changes. The conclusion was 
arrived at after careful examination of the existing power-system loads and 
upon consideration of the nature of the industries to be served, including mills, 
public utilities, and electrometallurgical and other works, and upon a further 
consideration that all the major systems of the Southern States will be inter- 
connected. 

If the use of power were practically continuous throughout every hour of 
every 24 and throughout each day of the year, making a yearly load 
factor, approximately 80 per cent more or less, these calculations would be 
widely modified. Such conditions of nearly continuous use seldom occur exc^t 
in electrochemical operations. 

Appendix E-2. 

partial u8t of eiasting and proposed steam puknts of the 8tati 

of georgia. 

i. List of concema willing to take flower from Georgia Railway d Fower Co. 
as soon as it is avaiiahle, requiring no trunk4ine extenwions. 



Name. 



New Ice Co 

Consumers loe Co 

Handeville mills 

InteniatioDal Products Co. 
Southera Railway shops. . 

lATonia cotton mills 

Towers 6t Sullivan 

Falrbank Scale Co 

City of Rome waterworks. 

OfHesby Granite Co 

Rorston oil mill 

Atlanta cotton mill 

C. E. Gait cotton gin 

City of Bowman 

W.& A. sbops 



liooation. 



Carrolton.... 
Gainesville.. 
Whltesburg. 

Atlanta 

do 

Lavonia 

Rome 

do 

do 

Eiberton.... 

Rcrjrston 

Atlanta 

Kennesaw... 

Bowman 

AtlanU 



Demand. 



1 

50 
100 
75 
76 
300 
300 
100 
100 
2fi0 

100 

125 

40 

50 

300 



2,015 



Yearly. 



houn. 
120,000 

aoo.ooo 

100,000 
145,000 
800,000 
720,000 , 
240,000] 
240,000! 
1,500,000 
300,000 
250,000 
000,000 
20,000 
50,000 
400,000 

5,0B5,0Q0 



Present 
plant. 



Do 
Nona. 
Do. 

SttMB. 

Do. 
Do. 
Da 
Da 

Da 
Do. 

None. 
Do 
Da 
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S. lAst of present cuHtomers of Georgia Raihvay d Power Co, desiring more power. 



Name. 



Standanl mills 

Barrow Co. cotton mills 

Pratt EiixiiiB& Machinery Co 

United States Penitentiary 

American Ifachinery & Manuliactaiing Co. 

MandevlUe mills 

I>iamaQd Bobber Co 



Location. 



Cedartown. 
Winder.... 

Atlanta 

do 

do 

Carrolton... 
Atlanta.... 



Demand. 



Kitowatts. 
500 
100 
100 
1,200 
1,200 
SOO 
100 



3,700 



Yearly. 



KUowaU 

howrt. 

1,250,000 

100,000 

300,000 

2,500,000 

6,000,000 

1,300,000 

100,000 



10,550,000 



Present 
plant. 



Steam. 
N<me. 
Steam. 
None. 
Da 
Steam. 
None. 



5. lAat of prospective customers of Georgia Railtoay d Power Co, requiring very 
little sales work and no long trunk feeder extensions. 



Name. 



City of Commerce 

Harmony Orove Mills 

lAwxenceTiUe Manufacturing Co. .. 

Piedmont Cotton Mills 

Echofta Mills , 

Beveriy Mills 

Caiiurt Mills 

ntyofAdaiisville 

McNeil Marble Co 

.Acworth Cotton Manatecturing Co. 




Demand. 



Commerce. 

do. 
Lawrenoeville. 
East Point. 

Calhoon 

Beverly 

Elberton... 
Adairsville. 
Marietta. . . 
Aoworth . . . 




KilowaUt. 



160 
1,000 
350 
150 
300 
390 
360 
75 
150 
150 



3,0S0 



KiUnoaU 

houn. 

300,000 

3,000,000 

600,000 

200,000 

1,000 000 

1,800,000 

1,600,000 

120,000 

360,000 

375,000 



10,466,000 



Present 
plant. 



Steam. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
None.. 
Steam. 

Do. 



4, List Of concerns installing steam plants in Georgia, 



Name. 



Bibb Manulacturinc Co. 
Exposition Cotton Mills. 



Location. 



Porterdale, Qa. 
Atlanta 



Capacity 

of steam 

plant. 



KOowattt, 
3,000 
3,000 



6,000 



5, lAsi of concerns figuring on installing steam plants in Georgia, 



Name. 



Mandeville Mills 

West Point Manubusturing Co 

Calloway Institute 

Crown Cotton Mills 

Hamilton Oarhart Co 

City of Thomas ville 

Central Oeorglft Power Co. (steam auxiliary to hy- 
droelectric system). 



Location. 



Mandeville.. 
West Point. 
La Grange.. 

Dalton 

Atlanta 

ThomasviUe 

• 

Macon, Ga.. 



Capacity 

of steam 

plant. 



KilowUU. 

SOO 

6,000 

7,500 

300 

500 

1,000 



14,800 
10,000 



34,800 
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Appendix E-3. 

bstimatsd di8tubuti0n bt states of the future power requirbmbntb 

of central systems. 

[1, 000, 000, 000 kUowatt hours of annual capacity.] 



Alabama 

Georgia^ 

Tennessee 

North and South Carolina 



Distribution of 1017 out- 
put. 



Kilowatt hours. 



288,300,000 
Sro, 177,000 
547,900,000 
547,300,000 



1,782,677,000 



Percent. 



1&4 
21.5 
31.1 
31.0 



100.0 



DjstrllNitlon of 
ftatiH« bUIion 

on 



KUowatt hmrt. 

i64,ooo.ono 
21ft, 000, ooa 

311,000,000 
310,000,000 



1,000,000,000 



Alabama 

Georgia. 

Tenneeaee (--) 

North and South Carolina 



Estimated additicsial 
1918 requirements by 
systems of the States. 



KUowatthours. 



140,800,000 
38,754,000 
19,000,000 

189,800,000 



875,354,000 



Percent. 



39.2 

las 



60.5 



lOOiO 



Distribatloii of 
ftiture billion 
msameba^. 



KUowtttthoun. 
392,000,000 
108,000,000 



506,000,000 



1,000,000,000 



Revised estimate of distribution of future billion kilowatt hours to be acquired 

in 5 years. 



Kilowatt hours. 



Alabama. 
Oeoorgia.. 



North and South Carolina. 



350,000,000 
200,000,000 
150,000,000 
300,000,000 



1,000,000,000 



Percent. 



35.0 
20.0 
15.0 

3ao 



Peroent 



1 Eliminating serrioe to Aluminum Co. this increase is 9.6 per cent on remaining output. 

Appendix E-4. 



annually 
on 19lf 
output. 



24.0 

las 

1 6.5 

11.1 



RELATIVE MAGNITUDE OF THE ANNUAL OUTPUT OF THE MAJOR POWBB 
SYSTEMS COMPARED AS TO THE TOTAL CENTRAL STATION OUTPUT. 

Kilowatt hours 
Alabama : generated in 1S17. 

Alabama Power Co 288,800,000 

Montgomery Light & Water Power Co 24, 572, 000 

Montgomery Light A Traetton Co . »•. 18, 275, 000 

Mobile Ught A Railroad Co 6. 000, 000 

Mobile Bleetrie Co 10, S62, 000 



lV>tal 

Cenaoa report for all central atatlong of State » 

Proportion of companies above to total..... . . per cent 



341, 100, 000 

862,278^906 

04. 3 
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Kilowatt hours 
Georgia ; geuerated In 1917. 

Georgia Railway ft Power Co 286, 400, 000 

Cc^umbus Power Co 83, 660, 000 

Central Georgia Power Co ^ - 60, 147, 000 

Aagnsta-Alxon Railway ft Electric Corp 38, 916, 126 

Sayannah Electric Co 80.783,790 

Savannali Lighting Co 8, 466, 000 

T\>tal 467, 271, 915 

Cenana report for all central stations of State 608, 467, 262 

Proportion of companies above to total . percent — 00.9 

Tcnncflsoc * 

TennMee Power Co 547, 900, 000 

Censns report for all central stations of Stateu 666, 696, 631 

Proportion of companies above to total percent — 88.6 

Appendix E-5. 
fixed charges entering into the cost of power. 

In this report it is figured that the cost of power over and above operation 
and maintenance expenses will Include an annual return on invested capital to 
cover interest, taxes, depreciation, and obsolescence, as follows : 

A. On hydroelectric plants, including lands, dam, buildings, equipment, main 
high-tension transmission lines, and main high-tension substations, an annual 
charge of 10 per cent of the total capital cost For the Tallapoosa development 
the fixed charges were figured as follows: 



Item. 



Lands 

Dams and stractoies 

Equipment 

TransmlsBlon lines .. 
SabstatioDS. 



Estimated 

capital 

cost. 



95,730,000 
8,600,000 
4,700,000 
3,326,000 
1,386,000 



28,742,000 



Per cent for fixed (diarges. 



Interest. 



Percent. 
7.50 
7.50 
7.60 
7.50 
7.50 



Taxes. 



Percent 
1.35 
1.25 
1.25 
1.25 
1.25 



Replace- 
ment 
reserve. 



Percent, 
0.0 
a75 
3.00 
2.00 
4.00 



Total. 



Percent. 

8.75 

0.50 

11.76 

10.75 

12.75 



uai3 



^ Avera^ 

Note— Ten per cent is oonsldered generally sufficient for main steel-tower transmission lines, together 
vith the connected hi^-tension sabstatiooB. It would be insufficient lor substations alone. 

B. On Steam turbine plants, complete, with land, buildings, and equipments, 
11.75 per cent annually. 

Note. — ^The above figures of 10 per cent on hydroelectric systems and 11.75 per 
cent on steam plants were adopted for figuring the cost of power after careful 
consideration of the relative permanence of the lands, structures, and equipment 
entering into the various parts of hydroelectric developments and steam turbine 
power plants. 

They take Into consideration the fact that the principal properties and 
structures in hydroelectric developments have a greater permanence of value 
than in steam turbine plants. 

Appendix E-6. 

cost of gonstsucnon of high tension translflssion lines and sub^ 

stations. 



For estimating the cost of steel tower 110,000-volt transmission lines. Including 
right of way in Alabama, a prewar cost of $9,(X)0 per mile for double-circuit 
110,000-volt 2/0 B. & S. copper conductors was used. For future construction 
this prewar cost was advanced 40 per cent, making the cost of double-circuit 
lines $12,600. For single-circuit lines on double-circuit towers deduct $1,700 
per mile for three 2/0 conductors and 1 mile of insulators, maMng the post- 
war cost of 110,000-volt single-circuit lines on double-circuit towers, complete 
with right of way, lU^tning protection, etc., |10,900 per mile. 
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Note.— The Georgia Railway & Power CJo.'s double-circuit, 110,000-yoLt lines 
with six conductors of 2/0 copper from Tallulah Falls to Atlanta cost $8425 per 
mile at before-the-war prices with 12-cent copper. 

110|000-yOLT ailBSTATIONS. 

Before the war 110,000-yolt substations, complete, including land, trans- 
formers, outdoor switching apparatus, buildings, oil-drying outfits, etc, cost 
the Alabama Power Go. $6 per kilo volt-ampere of installed capacity. For post- 
war cost estimates add 40 per cent to this prewar cost, which makes $8.40 per 
kilo volt-ampere of installed capacity. 

Appendix E-7. 
estimated cost of steam coal for future operations. 

AliABAMA GOAL. 

Steam coal in Alabama sells exclusively by the short ton of 2,000 pounds. 

For their Gadsden plant, prior to the war, the Alabama Power Ck>. paid $1.20 
per ton for washed coal, f. o. b. mines, and $1.10 per ton for unwashed coal, 
and used about equal amounts of both grades. Both grades had approximately 
13,500 B. t. u. per pound. 

Before the war Gadsden coal came largely over the Southern Railroad from 
the Jasper, Parrish, Cordova, and Drlfton group of mines. Some was shipped 
via the Louisville & Nashville Railroad from the Altoona, Shiras district, the 
price at the mines, however, being the same in both districts. 

Some grades of Alabama slack sold as low as 80 cents to 00 cents per ton, 
f. 0. b. mines, but the inferior quality overcame the advantage of low price. 

Shortly prior to the armistice the better grades of coal were selling at the 
mines at the Government price of $2.85 per ton, plus 16 cents per ton agents* 
commission, or $3 per ton. 

Freight rates on Alabama coal to Gadsden steam plant and to Sheffield, Ala.. 
both prior to the war and at the present time, are shown in the following 
tabulation. The present time freight rates Include 3 per cent war tax : 



Fn»i^t to Gadsden on ooal: 
via Soathem Ry.^ 

Jasper and Parrish, Leespeer, Cordova, Drifton group 
Via St. Louis and San Francisco- 



Dora group. 
Carbon Hm 



Ijoup 

\4a Loulsviile & l^rashTlUe- 

Altoona District, Shiras and all other mines on L. 1* N. In State of .\la 
Fre^t to Sheffield on ooal: 
via Southern Ry.— 

Jasper and Parrish 

Leespeer, Cordova, Drifton group 

Via St. Louis-San Frandsoo— 



Dora group 

Carbon Hill group. 




Figuring the future price of steam coal at the Alabama mines to ^^^^^  
brief period of two to five years from the present time, the cost might ip* ^^^* 
mated at the prewar price of $1.20 per ton for washed coal plus 40 per ^"^ *** 
cover the expected after-tbe-war increase in labor and nmteriaL Tlii^ \f»M 
make the price $1.68, as conn-ared with the prewar price of $L20. y 

Note. — This is tlie ratio used for increasing prewar constmctioiA p^*^** '" 
arrive at the probable postwar cost for construction within the ne^xt ^*'<» ^'^ 
seven years. > 

In estimating the cost of coal for a longer peHod — say, 2 years ' "P ^** -^"* 
years after the war— a further addition should be made to «»al-cost Hstiiiwtev^ 
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to allow for certain factors which may be expected to influence the future coal 
price, as follows : 

A. Experience extending over the past 20 to 30 years shows there has been a 
tendency to a rising price for coal, irrespective of passing trade or war 
conditions. 

B. Coal values in the ground and mining royalties are expected to have an 
upward tendency to higher values. 

C. During succeeding years the best and most accessible coal veins will be 
worked out, necessitating production from less available sources. 

Considering these facts and after consultation with large coal users it has 
been decided to base future estimates for the best Alabama steam coal on a 
price of $1.75 per short ton at the mines. 

Gadsden rate, — Freight rates fronr the mines in Alabama to Gadsden and 
Sheffield have been figured at the rates in effect at the beginning of 1919, which 
are 77 per cent to 92 per cent higher than prewar races to Gadsden and 30 per 
cent to 65 per cent higher than prewar rates to Sheffield, as shown in the above 
table. Based on these figures, steam coal at Gadsden for future requirements 
extending over a period of years Is figured at $3.10 per ton. Before estimating 
coal prices at Sheffield other sources of coal than Alabama should be cousiderecl. 

Warrior rate, — For the Alabama Power Co.'s Warrior steam plant a large 
amount of coal can be mined near the plant and delivered for a haulage charge 
not to exceed 10 cents per ton. The mines adjacent to Warrior plant do not 
have sufficient capacity to supply Warrior plant with a large amount of coal 
for a long period of years, and if coal for the operation of the Warrior station 
is obtained by rail from the near-by coal fields of Parrish or thereabouts, the. 
freight charge at present rate would be 80 cents per ton. If half the coal were 
secured from the adjacent mines at 10 cents per ton and half from the Parrish 
coal field at 80 cents per ton freight, the average charge would be 45 cents 
per ton. 

It appears that If coal mines along the Warrior River are later equipped with 
tipples for loading barges on the Warrior River direct from the mines,* the 
Warrior plant should be able to secure coal from near-by fields by barge at a 
much lower freight rate than the present Government short-haul price of 80 
cents per ton. 

In view of this latter opportunity and other conditions mentioned, we have 
estimated the average transportation charge on coal for the Warrior steam 
plant for future requirements, including the coal mined adjacent to the power 
plant and coal secured from near-by fihelds by rail or water, to be 37^ cents 
per ton. This gives a price per ton, f, o. b. plant, of $2.13. 

GEORGIA GOAL. 

Atlanta's coal supply comes mostly from the Harlan, Oalrnes, and adjacent 
districts in Kentucky, and from the Jellico field in Tennessee. Some steam coal 
is also furnished from the coal districts near Birmingham, Ala. The Kentucky 
and Tennessee coals seem to be of somewhat better quality than the available 
Alabama coal, and have consequently been preferred even though the freight 
rates are somewhat lower from Alabama fields. 

Prior to the war and before the large rise in coal prices, Alabama coal sold 
for f 1.20 per ton for washed coal, f. o. b. mines, the freight rates to Atlanta 
being |1.20 per ton. Kentucky and Tennessee coals cost an average of about 
the same, $1.20 per ton, f. o. b. mines. The freight rate was $1.45 from the 
Harlan, Ky., and Jellico, Tenn., fields. This made Alabama coal cost $2.40 per 
ton, f. o. b. Atlanta, and Kentucky and Tennessee coal $2.65 per ton. 

The freight rates on coal at the time of the armistice was $1.75 per ton 
(including the 3 per cent Government tax) from Birmingham, Ala., district and 
$2 to $2.10 per ton from Jellico, Tenn., and Harlan, Ky., districts. The coal 
price at the mine was $2.55 to $2.85 per ton, plus 15 cents per ton agent^s com- 
mission, or $2.70 to $3 per ton. The price delivered in Atlanta was $2.85, plus 
$1 .75, or $4.00, per ton from Alabama and $2.85 plus $2.05, or $4.90, per ton from 
Tennes.see and Koitucky. 

Using the same reasoning to delermiie future coal costs us given above in 
the dis<*ussion of coal situation for Gadsden nnd Warrior, Ala., It may be 
expected that coal for Atlanta will cost $1.75 per ton f. o. b. mines, making 
a delivenxl cost of $3.50 per ton from Alabama fieUls ar.d $3.8(» |M»r ton from 
the Tennessee and Kentucky fields. 
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There seems to be a strong opinion that the Alabama fields, which up to this 
time are not as well developed as those in Kentucky aud Tennessee, will be 
used for the most part to supply Alabama's growing requirements and will 
not ship much coal to Georgia within the next 5 to 10 years or longer. If this 
is correct, and in view of the better grades that may be obtained from Ken- 
tuclcy and Tennessee, it seems reasonable to take the future cost of steam coal 
for Atlanta at |3.80 per ton f. o. b. Atlanta. 

Appendix E-8. 
cost of steam generated power. 

[With large modem steam turbine plants.] 

For tJie purpose of this report and for comparison with hydroelectric power 
the cost of power plants and of power generation by large new steam i^ants 
to be located advantageously for coal and condensing water is figured for plants 
of 60,000 kilowatts to 100,000 kilowatts or more, as follows : 

The cost of generating plants, witli lands, buildings, and all equipment 
complete, up to and including 110,000-Yolt raising transformers, and including 
interest during constniction and during the period of loading the plants, is 
figured at $91 per kilowatt of installed capacity. 

Note. — ^This is figured on the estimated prewar cost, including interest 
during construction and loading at $65 per kilowatt, plus 40 per cent to meet 
estimated post-war increase on construction cost over prewar conditions. 

If the steam plant is designed to supplement water-power plants with storage 
reservoirs, the water powers >\ill provide emergency reserve or breakdown 
capacity to serve in case of temporary steam turbine generator failures. If such 
hydroelectric power is not available for emergency reserve, then ST)are caimcity 
must be provided in the steam plants. The proportion of such spare capacity 
will depend on size of plants, the size of the generator units, and on other 
conditions. 

For the purpose of this report, for large interconnected systems, it is esti- 
mated that when not relayed by water power such reserve generating capacity 
should be 15 per cent of the installed capacity, and under those conditions the 
cost of steam plants will be $107 per kilowatt of power generated, and will 
include emergency reserve capacity of 15 per cent. 

In determining the cost of power produced by steam plants 11.75 per cent of 
the cost of the plants is figured into the cost of power in addition to the am 
of operation, maintenance, and ndminlstration. This 11.75 per cent is to cover 
interest, taxes, depreciation, and obsolescence. (See Appendix 5.) 

Note. — ^11.75 per cent is used for steam turbine plants, whereas 10 per cent 
is set aside for those items in the case of hydroelectric plants, the difterence 
being because of the more permanent nature of hydroelectric systems, includ- 
ing lands, dams, structures, etc., as compared vdth the physical parts of steam 
turbine plants. 

The cost of administration and operation and mainteu.ince of large steam 
turbine plants, to cover all labor and material expenditures except fuel, varle:; 
according to operating conditions and may be tabulated as follows : 







Yearly expenses 






per kilowatt of 




Kilowatt hours 


maximum losd 


Annual load fbotor 


per year pe r 
maximum kilo- 


for administra- 


of operation. 


tion, mainte- 




watt load. 


nanos, and oper- 
ation, ezoept for 










fuel. 


PercttU, 






ao 


2,000 


$4.10 


55 


4,800 


4.M 


80 


7,000 


6.10 



Nets. — ^Administration (executive and corporation) expenses is Included in 
the above figures at about 40 cents to 00 cents per kilowatt per year. Interest 
charges on necessary operating capital at 20 cents per kilowatt are also ineludedL 
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In addition to the administration, operation, and maintenance of steam plants 
(exclusive of fuel, as stated in the foregoing table), the coal consumption of 
sach plants as we have under consideration, namely, superpower plants of 
modem design and located favorably for condensing water, etc., will be approxi- 
mately as follows : 

Coal consumption — Pounds per kilowatt hours and tons per year per Jdlowati 

of maximum output. 



Annnalload 

fiBctoroQ 

plant. 


Kitmrstt 

hours per year 

per kilowatt 

of tnaxImiiTn 

output. 


Pounds of coal 

per kilowatt 

hours. 


Tons of coal 

per year per 

kilowatt. 


Thermal 

efficiency with 

coal of 13,500 

B. t. n. per 

pound. 


Percent, 
30 
55 
80 


2,630 
4,800 
7,000 


2.1 
1.9 
1.8 


2.76 
4.46 
6.30 


Percent. 
12.05 
13.36 
14.45 



Note. — The steam plants of the southern power companies have to operate 
witli condensing water having an abnormally high temperature for three to five 
months of the year. This increases the average yearly coal consumption over 
points where more favorable condensing water is available. 

Appendix E-9. 



KSTIMATBD COST OF OPERATION, MAINTENANCE, AND ADMINISTRATION OF 
PROPOSED HYDRO OPERATING PLANTS, TRANSMISSION LINES AND SUBSTA- 
TIONS. 

Alalfama propoteil Tallapoosa hydro plants, and double circuit 110,000 volt trunk line 

and sub-sPation, for ISOjOOO K. W. installed OQpaoity. 

Cost of operation and maintenance of three hydro plants for the Tallapoosa 
River, exclusive depreciation and oheoleecence, is figured at |35 000 per year 

for each plant, total for three plants $105,000 

Transmission line operation and maintenance is figured at $135.00 per mile 
of tower line per year for double circuit steel tower 110,000 volt lines, to 

include all operation and maintenance, 240 miles at $185.00 82,400 

Substation operation and maintenance is figured as follows: 

For atep-up substations, three stations at $6,000 per year each 18, 000 

SteiMlown substations arc figured for two sub-stations at $15,000 per 

year each 30, 000 

Administration expenses for the three hydro plants, and transmission lines 
and substations as above, in addition to present admiAlstration expense of 
the Alabama Power Company 30, 600 

Total for operation, maintenance and depredation and administration 

of three Tallapoosa iK>wer plants $216, 000 

GEORGIA PROPOSED TALLULAH AND TUGALOO HYDRO PLANTS AND SINGLE CHU 
CUIT 110,«0« VOLT TRUNK LINE AND SUBSTATION FOR ltO,0«0 K. V. A. INSTALLED 
CAPACITT. 

Cost of operation and maintenance of three plants on the Tallulah and Tugaloo 
Rivers, exclusive of depreciation and obsolescence, is figured at $35,000 per 
year for each of two plants and $30,000 per year for one plant, total for 
three $100, 000 

Transmission lines operation and maintenance is figured at $125 per mile of 
tower line per year, for single circuit steel tower, 110,000 volts, 50 miles 
at $125 11, 250 

Substation operation and maintenance is figured as follows : 

For three step-up stations at |6,000 each 18,000 

Fior one step-down station at $20,000 « 20,000 

Administration expense for the new hydro plants, transmission lines and sub- 
stations. In addition to the present administration expense of the Georgia 
power companies, Is figured as 25,760 

Total for operation, maintenance and administration 175,000 

Appendix E-10, 

undeveloped power 8itb8 considered in georgia. 

liartletig Ferry development.— Above the present Goat Rock povtrer plant on 
the Chattahoochee River there is an undeveloped site with an availahle head 
of 119 feet. A dam of this height will provide an appreciable amount of fore- 
bay storage. The initial installation would be 86,000 kilowatts. 



/ 
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Mathis development, — The construction of a 12,000-kilowatt hydro plant at 
Mathis, using water from the present Mathis Reservoir of tlie Georgia Railway 
& Power Co. at 189 feet to 100 feet (average 175 feet) to the headwater of the 
Tallulah Falls plant. 

Tttgaloo development, — ^The construction of a dam on the Tugaloo River about 
2 miles below the present Tallulah plant. This is called the Tugaloo plant and 
would have 45,000 kilowatts installed and a working head of 135 feet. 

Ralston development. — ^The construction of a 40,000-kllowatt plant at Ralston, 
on the Tugaloo River, about 5 miles below the proposed Tugaloo plant. This 
plant would have an effective head of 100 feet. 

Note. — The proposed Tugaloo and Ralston plants would receive all the water 
from the Tallulah Falls (regulated by the Burton Reservoir, which is now build- 
ing, with a capacity of 5,000,0(X),000 cubic feet, and the present Mathis Reservoir, 
1,370,000,0(X) cu. ft.) ; also they would get all the water from Chatooga River, 
which would be regulated at such time as the Earls Ford Reservoir mentioned 
below is built. 

Chatooga River development. — Other proposed developments were considered, 
including four water powers on the Chatooga River combined with a proposed 
6,(X)0,000,000 cubic-foot storage reservoir at Earls Ford. These four develop- 
ments have been suggested according to the following table of installation and 
annual output. 



CbatoogB developments. 


Head 
feet. 


lostaOed 

capacity 

kilowatts. 


Vearly output 

IdlowBtt boars 

(without 

Earls Ford 

reservoir). 


No.l 


107 
115 
224 
135 


20,000 
20,000 
30,000. 
15,000 


54,000,000 
57,000,000 
88,000,000 
46 000 000 


No. 2 -. 

No. 3 


No. 4 







We have no detailed cost estimates on the proposed Chatooga powers, but 
are informed that the lands can be acquired and the dams and buildings con- 
structed and electric apparatus Installed for about $75 per kilowatt based on 
prewar costs, or with a 40 per cent advance over prewar costs, $105 i)er 
kilowatt. 

It should be borne in mind that if the Earls Ford Reservoir should be con* 
structed it would improve the river flow not only at the proposed Tugaloo and 
Ralston developments, but also at the existing development at Augusta and at 
the ]3os.sible development at Calhoun Falls, in addition to Increasing the out- 
put of the proiK>sed Chattooga River plants above. 

Appendix E-11. 

power available from the tallapoosa river developments in tear 
op extreme low water flow when operated in combination with 
alabama power co.'s present system. 



The year 1904 was the year of lowest recorde<l stream flow. The run-ofl. 
of the Coosa and Tallapoosa Rivers during 1904 wou'd have produced 
263,000,000 kilowatt hours at Lock 12 with an installation of 80.000 kilowatts 
and 314,000,000 kilowatt hours in the proposed Tallapoosa developments 
with a storage capacity of 270,000,000 kilowatt hours and an installation of 
150,000 kilowatts. By producing 55,000 kilowatts of steanr power continuously, 
the above power in water will make It possible In a year of water flow similar 
to 1904 to produce a continuous output of 120,500 kilowatts and an average 
peak load of 190,000 kilowatts, on the basis of a weekly load factor of n? per 
cent. The installed capacity and storage capacity would permit carrying ao 
occasional peak load of 230,000 kilowatts, so long as the average load for the 
year does not exceed 126,500 kilowatts (1,110,000,000 kilowatt hours yearly). 
The following tabulation itemizes the source of water and steam power and 
the amount of potential power in kilowatt hours remaining in reservoir at the 
beginning of the year, at the end of each month, and at the end of the year 
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auder 1904 conillttonB of river flow, atisumltig that at the first of the year tlie 
capactty of the Cherokee Reserrolr available with a 50-foot draw down was only 
half filled. 
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11,110,000,000 
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ELECTRIC POWER PROBLEMS ON THE PACIFIC COAST. 



POWER CONDITIONS IN SEATTLE, WASH. 

1. The Pu^t Sound district, in which Seattle is the largest indus- 
trial center, is served by three electric-power systems, consisting of 
the Puget Sound Traction, Light & Power Co., the municipal system 
of Seattle, and the municipal system of Tacoma. The investigation 
of this district in June ana July, 1918, showed that there was great 
industrial activity in Seattle and Tacoma, in the matter of ship- 
building, machine shops, electric railways, electric furnaces, milling, 
and foundry work. These manufacturing interests were being served 
from the electric-power systems above mentioned, and there was con- 
siderable rivalry in the securing of customers between the Puget 
Sound Traction Co. and the Seattle municipal system. In Tacoma 
the Puget Sound Traction Co. and the Tacoma municipal system 
were electrically connected, and a contract existed between the two 
systems ior the transfer of as much as 10,000 kilowatts under cer- 
tain conditions of operation. In Seattle there was no electrical con- 
nection nor contractual relationship between the Seattle municipal 
system and the Puget Sound Traction Co. The two systems were 
operated absolutely independently, and the two high-tension portions 
of the systems were of different voltages and character, although of 
the same frequency. 

2. The investigation of the connected loads and also of the pros- 
pective loads showed that there was anticipated a considerable 
growth on the traction company's system as well as on the Seattle 
municipal system, and the city was seeking to secure an additional 
hydroelectric development on the Skagit Kiver, approximately 110 
miles awav from the city. So long as the city operated as a separate 
entity and teok contracts at a considerably lower rate than that set 
by tne Puget Sound Traction Co. there was justification for addi- 
tional hydroelectric development to meet the growing demands on 
their system, and it was also desirable that some development of this 
character should be made under the above circumstances to assist in 
the elimination of the consumption of fuel oil used by the Lake 
Union steam plant. 

3. However, there was not a shortage of power on the system of 
the traction company, and it was clearly shown that by combining 
the capacities of the three power systems in this territory the diver- 
sity thus secured, together with the excess capacity on the traction 
company's system, would enable a considerabte load to be added to 
the combined networks and not produce a serious deficiency in this 
action. It was recommended that suitable interconnections be made 
so that all three systems could be operated more or less as one system 
and a 10,000 kilowatt hydroelectric-power development be carried 
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out by the Puget Sound Traction Co, bringing this power into use 
within approximately a year after the work had been started. This 
would have amply met the demands on the systems and would have 
served as an important factor in eliminating the use of fuel oil in 
the Lake Union steam plant of the Seattle municipal system. 

4. In connection with the desirability of conserving fuel oU, it was 
shown that the Lake Union steam plant would probably burn dur- 
ing 1918 a maximum per day of l,6bo barrels of oil and a minimum 
per day of 600 barrels. If the average per day for a year is taken 
at 1,000 there would be used approximately 366,000 barrels of oil 
per year. The price of oil in the sxunmer of 1918 was $1.85 per bar- 
rel, therefore, the cost of this fuel for a year at that unit price would 
be $675,250. From the figures gathered in Seattle and submitted 
by the municipal power department, it is shown that 1 barrel of oil 
will develop, including the stand-by use, 184 kilowatt hours. On the 
basis of this cost of oil, it is clearly shown that the production cost 
of a kilowatt hour is 1 cent for fuel, and with the other charges 
added to this, the cost of production of a kilowatt hour by steam is 
high and ar^es strongly for the elimination of fuel oil for this 
purpose. This might easily be secured through the interconnection 
of the largely developed hydroelectric system of the traction com- 
pany to the Seattle municipal system. It is understood that this is 
now being accomplished tnrough the cooperation of the traction 
company and the municipal system of Seattle, and the insistence of 
the capital issues committee at Washington when authority was 
granted b}^ them to the city of Seattle for the issuance of $5,500,000 
m bonds for the starting of the construction of the hydroelectric 
development for the city on the Skagit River. In view of the abso- 
lute necessity for the elimination of the use of fuel oil for electric 
power production, early hydroelectric development should be con- 
cluded and the Lake Union steam plant be simply used as a stand-by 
for the interconnected systems in the Puget Sound district. 

5. The traction company has a number of hydroelectric develop- 
ments that can readily be made if the industrial demands require 
additional hydroelectric development, the city of Seattle is proceed- 
ing with its Skagit River hydroelectric development, and the city 
of Tacoma has recently purchased a hydroelectric development at 
Lake Cushman on the Skokomish River. If all of these are de- 
veloped, they will tend, to a large extent, to eliminate the use of fuel 
oil. 

6. The Georgetown steam station of the traction company has a 
continuous capacity of 23,000 kilowatts, and is sufficient to act as a 
voltage regulator and to some extent as an emergency station and 
for handling the peaks on the interconnected systems. This station 
has during the last year been changed over n*om fuel oil to coal 
burning. 

7. The city of Tacoma has a splendid up-to-date hydroelectric 
system, which derives its supply from the Nisqually Riverj^hich is 
fed from a glader of the same name on Mount Rainier. The char- 
acter of the river is such that there is a great difference between the 
high and low flows in the stream, and it is necessary at times for the 
Puget Sound Traction Co. to supply the city with power, at other 
times the city supplies the traction company with excess up to 10,000 
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or more kilowatts. Steps are being taken by the city of Tacoma to 
secure reservoir rights on the upi>er Nisqually so as to regulate the 
flow of the stream for the operation of the power plant. The city 
of Tacoma has no steam auxiliary as has the city of Seattle. 

8. In this territory there are many possibilities for the develop- 
ment of hydroelectric stations, and, m view of the often reiterated 
statement that fuel oil should be eliminated for use in public utili- 
ties, early efforts should be made to make hydroelectric develop- 
ments of sufficient capacity to handle not only the increasing indus- 
trial load but to eliminate the use of fuel oil. 

PORTLAND, OREG. 

9. In the industrial territory in and about Portland, electric power 
service is rendered by the f^ortland Railway Light & Power Co. 
and the Northwestern Electric Co., and these two systems are elec- 
trically interconnected and give and take power under contractual 
relationship. They assist each other when accidents occur and work 
harmoniously, although they are competitors in a business way. The 
Portland Railway Co. in July, 1918, had a large industrial load, con- 
sisting of shipbuilding plants, machine shops, the street railway, 
and a great variety o? i^dustikal customers, iAcludin^ manv offi4 
buildings and services of like character. It had a number of nydro- 
electric stations, two of which were on the Clackamas River, with- 
out storage, and another station on the Bull Rim River, which 
also had no storage provision. It had steam stations, which were 
equipped for burning both coal and hog fuel (that is, the refuse 
from sawmills). Owmg to the large industrial growth in this ter- 
ritory, it was running with a very small surplus, and it was esti- 
mated that there would need to be added to the system within a 
year or less at least 10,000 kilowatts, and recommendations were 
made that an additional hydroelectric plant should be built on the 
upper portion of the Clackamas River. However, it could not be 
accomplished, owing to financial stringency, although the Shipping 
Boara stood ready to assist to some degree m furthering this project. 

10. The Northwestern Electric Co. has a hydroelectric plant on 
the White Salmon River which transmits power to Portland where 
it connects with a steam plant using fuel oil, installed in the Pittock 
Building in the center or the city. It has also erected a steam sta- 
tion on the banks of the Willamette River alongside of a sawmill 
and intends to use both fuel oil and hog fuel in the operation of this 
plant. Naturally this generating station will be tied into the general 
electrical system of this company. There is used in this center a con- 
siderable amount of fuel oil which should be eliminated in so far as 
possible by the development of additional hydroelectric stations, and 
owing to the character of the rivers upon which these stations are 
placed there should be developed some storage capacity if it can be 
done within reasonable cost. During this last year, owing to the 
great shortage of water for the operation of the hydro plant, addi- 
tional amounts of fuel oil and other fuel had to be consumed, making 
the cost of operation considerably higher than heretofore. 

11. Besides these two systems there is in this vicinity the Pacific 
Power & Light Co., which lies considerably east of Mount Hood but 
is connected to the system of the Northwestern Electric Co. at their 
plant on the White Salmon River. 
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CAUFORNIA. 

12. The problem in California is one of providing ample electric 
power for meeting the industrial growth of the various communities 
up and down the State and at the same time making sufficiently in- 
creased developments so as to eliminate, the consumption of fuel oil. 
The best authorities in their opinion have indicated that the price of 
fuel oil will probably not faU materially, owing to the decreasing 
amounts of fuel oil available and the small amounts that are being 
given by each well as it comes into service. There will be an insistent 
demand for fuel oil for the operation of the Naval Establishment 
and the ships of the merchant marine, and every step should be taken 
by the authorities to stimulate the development of hydroelectric proj- 
ects whose use would eliminate the consumption of fuel oil in public 
utility plants on the Pacific coast. Steps are being taken by some of 
the public utility plants to develop the use of powdered fuel in their 
present steam generating stations, but this is at the present moment 
only in the experimental stage on the Pacific coast. 

18. It is interesting to contemplate what will happen in California 
when oil is largely eliminated from public utility operations and, 
so far as is possible, from industrial processes which can use in its 
stead powdered coal or hydroelectric power. When oil is withdrawn 
it will be absolutely necessarv for the life of the communities to have 
available an ample supply of hydroelectric power and powdered coal 
burning appliances for the production of steam-generated electric 
power. The earlier this is accomplished thet greater will be the con- 
servation of the natural resource— oil. In order that this may be 
brought about, it is necessary for the public utility to be encouraged 
in its development of hydroelectric possibilities, and one step in this 
program is the passage bv Congress of a water-power bill which will 
remove for a considerable time any doubt as to the possible condi- 
tions surroimding the control of hydroelectric developments by the 
Government, when these developments use, in whole or in part, any 
public lands or forest reserves. 

14. There is also another important matter which should be con- 
sidered by those commissions which have control over public utility 
corporations, and this is some method as to control of rates and 
control of return on investment to the end that the promoters of these 
public utility companies may develop some incentive for establishing 
internal economies, so as to decrease rates to consumers and at the 
same time to increase the return which might be made on the invest- 
ment. It seems that this is particularly important in connection 
with those States where fuel oil, or other fuel which is difficult to 
obtain, must be conserved. Under the present laws or customs in 
these States the consumers' rates are estaolished so as to give a fixed 
return on the public utility investments. While this is good in itself* 
it does not recognize what might be done in the way of internal 
economies in the operation and maintenance of the companies. In 
view of the fact that it is absolutely necessary to conserve oil and 
coal and that this situation has obtained for some years, attention 
should be given to establishing some other principle than that which 
seems now to obtain in the deuberations of the public service or rail- 
road commissions. 
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15. In the case of a number of oompaniejs serving the same territory 
and thereby establishing a eompetitiye situation, one of these com* 
panies might, through internal economies and prudence in operation, 
be enabled to reduce its rates and acquire a largely increased load 
and consequently greater return on its investment. The other com- 
panies serving the same territory and operating under the same con- 
ditions would be free likewise to derive the same benefits as the first 
company. If, however, this could not be brought about, the natural 
result of the establishment of proper operatmg conditions would 
lead to the closer mutual operations and interconnection of these com- 
panies and eventually to the merging of these companies or to the 
assignment of districts in which their operations would be conducted. 
The more natural and logical arrangement would be to have such 
companies under the control of one organisation, thus making for the 
more efficient utilization of material and the reduction of capital 
expenditures. 

16. In California the above ideas could readily be carried out in 
connection with the large power systems both in the northern and 
southern parts of the State. It would be necessary, however, to place 
the operation of municipal light and power companies under the 
control of the State railroad commission if success is to come to all 
organizations serving the public with electric energy. 

HYDROELECTRIC POSSIBILITIES. 

17. The three States on the Pacific coast, Washington, Oregon, and 
California, have, respectively, 16 per cent, 12.3 per cent, and 14.5 per 
cent of a total of 54,000,000 horsepower of water-power resources in 
the United States, in accordance with figures recently compiled by 
Mr. O. C. Merrill, chief engineer. Forest Service, United States De- 
partment of Agriculture. The total of these three States amount to 
42.8 per cent of the above total water power in the United States. 
Further, according to Mr. Merrill's figures, there have been installed 
3,400,000 horsepower in water wheels, steam engines, and gas engines 
in commercial and mimicipal central stations, street and electric rail- 
ways, and manufacturing plants; but there yet remain, over and 
above this, hydraulic resources amounting to 23,100,000 horsepower 
in the three Pacific States. 

18. It is undoubtedly a fact that in those places where fuel oil is 
now used for the generation of electric power hydroelectric developed 
power could be readily ani easily substituted. If oil for public 
utility operations were suddenly cut off, the industrial life oi Cali- 
fornia would receive a serious blow and would not recover until 
hydroelectric developments could be secured to take the place of 
electric power previously generated through the utilization of fuel 
oil. Consequently it behooves all the industrial interests in the State 
of California to take cognizance of this situation and to lend their 
support, at the earliest date possible, to every justifiable endeavor to 
develop hydroelectric projects for public utility operations. When 
one considfers how important the electric-power supply is to all in- 
dustrial centers and communities in the State ana how dependent 
every small item in these communities is upon the securing of a con- 
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tinuous supply of electric power, it will be readily seen that this is 
no theoretical situation but a hard fact which demands immediate 
attention. 

GEOGRAPHICAL LOCATION OF WATBR POWERS. 

19. In the northern part of the State there is located the Klamath 
River, which is fed to a large extent from Klamath Lake and the 
drainage area which lies befow the lake. This has a rather large 



minimum stream flow and steps are bein£ taken to rebate the river 
bv the installation of a dam at the southern end of Klamath Lake. 
(Jn this river at Copco is installed a dam and a power station owned 
by the California-Orejzon Power Co. It also has a power station on 
the Rogue River in Oregon, which is also a stream with a fairly 
large minimum flow. Both of these rivers have large additional 

{>ower opportunities, but there is no industrial district to absorb the 
arge power that can be developed. 

20. The next river of large miportance is the Pitt, which has a 
minimum stream flow in the vicmity of Sheep Rocte of approxi- 
mately 3,000 second-feet and a maximum approximating 30.000 
.^econa-feet. This river lends itself excellently to ver^ large power 
developments and there is ample assurance tnat the mstaUation of 

Sower stations with a large constant generating capacity can be 
eveloped in many places along the river. This river has its source 
in the lava territory between Mount Shasta and Mount Lai^^n, and 
is fed from large undergroimd water storages, as shown by the large 
springs that feed not only the river itself but the creeks which are 
tributary to the river. Attempts have been made to develop power 
stations on the Pitt River by the large power companies in Califor* 
nia, but nothing has yet been done of any moment although there 
are developments being projected and one is being worked on, to 
the end that it may be brought in within a period of about two years. 
The Pacific Gas & Electric Co. has a development at the Big Bend 
of the Pitt River which if successfully completed vrill generate ap- 
proximately 200,000 kilowatts and would be transmitted to the indus- 
trial district of the San Francisco Bay. 

21. As one proceeds southerly it is found that the Feather River 
is the next one in importance in that it also derives a steady stream 
flow from the lava beds south of Mount Lassen. The drainage area 
from which the water goes into Lake Alamanor, of the Great Western 
Power Co.'s system, is large and there are many possibilities for addi- 
tional power developments on the middle fork of the Feather River. 
One is now beine projected and would develop 40,000 kilowatts. 

22. In proceeding southwardlv from this point there is found the 
Yuba River and the Stanislaus, both of lar^ flow in a granite coun- 
try, but do not possess the storage possibilities such as those rivers do 
that have their origin in the lava country in the north. For this rea- 
son it has been found neoessarv to provide stora^ basins or reser- 
voirs to retain the quick run-on that occurs in this granite country. 
These reservoirs are expensive, as they require either rock fill or 
gravity, or some other tvpe of approved dam, and, further, entail the 

Surchase of a considerable area of land and also may fall within the 
omain of the public lands. In the southern part of the State and 
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in that territory occupied by the San Joaquin light & Power Corpo- 
ration, the Southern California Edison Co., and the Southern Sierras 
Co., it is necessary to provide storage reservoirs on account of the 
quick run-off from the streams from which the water is derived. 
There is no lar^e natural underground storage such as exists in the 
northern part oi the State. 

23. There are ample hydroelectric power possibilities to take care 
of all the steam-generateo power now used by the public-utiUty cor- 
porations, and it can be seen that if these are developed many millions 
of barrels of fuel oil can be saved each year, and the operating ex- 
penses of the power companies can be reduced and excellent results 
on the increased investment assured. The return of the total invest- 
ment will probably be made much larger. 

FUEL OIL. 

24. One of the most important factors in the operation of the 
companies has been the increased use of fuel oil at rapidly increasing 
prices. The price of fuel oil had risen from 60 cents per barrel in 
August, 1915, to $1.20 in January, 1917. and to $1.60 in April, 1918. 
It is desirable to disoontinue the use of ruel oil at the earliest possible 
moment, in order to reduce operating expenses as well as to conserve 
the fuel-oil supply. In 1917 three power companies serving the cen- 
tral and northern territory consumed 1,391.478 barrels for electric 
suppl}^ only. If the average price had been $1.34 per barrel, the cost 
for this fuel would have l^n $1,864,000 per annum. The consump- 
tion of these three companies for the first eleven and one-half montns 
of 1918 has been 1,998,194 barrels, and if the assumption is made that 
the same rate obtains for the last half of December as for the first 
half, the consumption for the year 1918 will be 2,047,303 barrels. 
The average price during 1918, outside of contracts made at lower 
rates, is $1.55 per barrel, so that the total cost of the oil burned by 
these three companies in 1918 is $3,180,000. Much of this can and 
should be saved through the early development of hydro power. At 
an average rate of 200 kilowatt hours per barrel of oil, the above 
amount would have developed 409,460,600 kilowatt hours. Refer- 
ence will be made to this in discussing the proposed hydroelectric de- 
velopments. 

25. In the southern part of the State seven power companies in 
1917 generated 242,149,000 kilowatt hours by steam stations. If all 
of these kilowatt hours had been generated by fuel oil and the 
average kilowatt hour per barrel was 200, there would have been 
used 1,210,745 barrels or oil. Some natural gas was used at some sta* 
tions, so that the fuel-oil consiunption was not quite as great as indi- 
cated above. However, 1,000,000 barrels is a sate figure for use, and 
if the same rate of increase occurred in 1918 as for the three com- 
panies serving the central and northern part of the State the con- 
sumption would reach 1,507,000 barrels. Thus the total amount used 
in 1918 by the companies mentioned would be 8,554,303 barrels. At 
the unit price of 1918— $1.55 per barrel — ^this would cost $5,500,000. 

26. Chi the system of the San Joaquin Lisht & Power Corporation 
there were used for 1917, 98,783 barrels of oil and for the first 10 
months of 1917, 68,360 barrels. For the first 10 months of 1918, 
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204,630 barrels of oil were burned^ so that using the ratio of the 10 
months of the two years to estimate the total for 1918, it is found 
that 296,000 barrels were used. Besides this fuel, 306,949,188 cubic 
feet of natural gas were burned during the first 10 months of 1918 
as compared witn 34,447,000 cubic feet in 1917. About one-quarter 
of their generating capacity is in steam, with 815 kilowatts in direct 
gas and oil. 

RECOMMENDATIONS. 

PACIFIC GAS & ELECTRIC CO.— HYDRO DEVBLOPMENTS. 

27. After a careful inspection of the various developments, the 
writer's recommendations as to the work that should be done on the 
Pacific Gas & Electric System are the raising of the dam at Fordyce 
Lake 21 feet so as to add 11,800 acre- feet of storage, this water being 
spilled into Lake Spaulding and then put through the Spauldin^- 
Drum-Halsey and Wise power stations, and later, in time, througk 
a No. 2 station which is recommended to be built. The Fordyce Dam 
is of the rock-filled type, with a wooden facing, and the 21 feet in- 
crease in height is the most economical construction that can be 
secured. If it should be raised a greater height, there would be re- 
quired a largely increased expenditure, which is not now warranted. 

28. The second item is the raising of Lake Spaulding Dam 10 feet 
so as to add 6,423 acre- feet to the storage in this important reservoir. 
The additional water is intended to be passed through the Drum and 
other stations mentioned above, and also the No. 2 station, the con- 
struction of which is in contemplation. Besides these two increases 
in storage capacities, there is what is known as the '^ Bowman- 
Spaulding project," which will add a large storage capacity to the 
system, and the water would be spilled into Lake Spaulding. The 
building of a No. 2 station on the Bear River, with a capacity of 
26,000 kilowatts, will, together with the present stations and the 
additional storage, provide 233,101,000 additional kilowatt hours tc 
the Pacific Gas & Electric Co.'s system. The cost of these improve- 
ments is approximately $7,200,000. 

STEAM. 

29. In addition to these hydro developments on the Pacific Gas & 
Electric Co.'s svstem there will be installed in Station A in San 
Francisco and otation C in Oakland the full complement of boilers, 
so as to make the electric-generating apparatus fully available. The 
cost for these steam additions will be approximately $525,000. This 
investment has been provided for and is not included in the $7,200,000 
noted above. Heretofore the practice has been on this coast to equip 
a steam station with a number of boilers to operate generating ma- 
chinery only sufficient to give good regulation, to take a portion of 
the load in case of trouble on the transmission line, and to handle the 
peaks during the so-called rush hours. It is also used to build up 
load which later can be transferred en bloc to a hydro plant wliicn 
meanwhile has been under construction. Table I shows the details 
of the proposed developments on this system : 
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Table I. — Pacific Ons d Electrio Co. 



Item. 



Added 
storage. 



CoDstnictiQn No. 2 

S>wer house, Bear 
Iver 

Raising Fordyce Bam 

21 feet 

Raising Spaulding Dam 

10 feet 

Bowman-Spaulding 
project 

Total 



Acre-fert. 
125,000 

11,800 

6,423 

42,275 



60,408 



Kilowatt 
hours per 
year audi- 
tioual 
energy 
available 

with 
present in- 
stallations. 



KUowaU 
hours per 
year addi- 
tional 
ener^ 
avallflible 
after new 
power house 
is installed. 



(A) 



17,700,000 

9,634,500 

09,600,000 



06,034,500 



(B) 
02,500,000 

20,560,000 

14,451,700 

99,600,000 



233,101,700 



Total cost. 



$6,184,300 

300,000 

150,000 

1,566,000 



7,200,300 



Value of 
energy 

output at 
icent 

per kilo- 
watt hour. 



8308,383.00 

88,500.00 

48,172.80 

332,000.00 



Tr7,005.30 



Percent 
return on 
invest- 
ment 
based on 
value of 
icent 
per kilo- 
watt hour. 



6.5 
36.7 
43.0 
22.1 



10.79 



Barrels 

of oil 

saved 

per year 

(at 200 

kilowatt 

hours per 

barret). 



462,500 

182,750 

72,260 

498,000 



1,105,510 



tKUowatts. 
THB GREAT WESTBBN POWBB CO. 

HYDRO DEVELOPMENTS. 



30. The next important addition to the power supply is that of the 
Great Western Power Co. in their proposed development of a 40,000- 
kilowatt station on the Feather River at Butt Valley, It is proposed 
to run a tunnel 11,800 feet long from Lake Almanor into Butt Valley 
and thence by another tunnel 10,400 feet long to the point of drop 
of 1,155 feet into the power station located in the foot of the canyon 
of the Feather River. This project will cost in the vicinity of 
$6,000,000 and will take about two to two and one-half years to con- 
struct. FoT the purpose of comparison it has been assumed through- 
out that a net return of one-third cent per kilowatt hour, exclusive 
of fixed chargeSj may be obtained for the power. 

31. Table ll illustrates the results which may be accomplished by 
this development. 

Table II. — The Great Western Power Co. hydro developments. 



Qenerating 
capaoity. 


Kilowatt hours 
generated. 


Load 
factor, 

per cent. 


Kilowatt hours 
sold to ocm- 
sumers gen- 
erated by 75 per 
cent efliciency. 


Value of en- 
ergy output 
at i oent per 
kilowatt 
hour. 


Per cent 
return on 
invest- 
ment. 


Barrels of oil 

saved per 

year at 200 

UlowaU 

hours per 

barrel, 
estimated. 


40,000 kw.. 


360,400,000 
266,000,000 
175,000,000 


100 
75 
50 


265,000,000 
199,000,000 
131,400,000 


$1,168,000 
833,338 
586,666 


19.45 

14.00 

9.72 


1,762,000 

1,325,000 

875,000 







8IBBBA ft SAN FRANCISCO POWBB CO. 

HYDRO DEVBL0PMENT8. 

32. The Sierra & San Francisco Power Co. has its power stations 
and reservoirs in and about the Stanislaus National Forest Reserve 
and on the Stanislaus River. This company is in a position to 
supply power at the earliest date. It has two reservoirs in operation 
known as the " Relief " (14,965 acre-feet) and " Strawberry '^ (17^00 
acre-feet). It has in prospect another reservoir known as "Big 
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Dam" (16,654 acre-feet), which would spill its water into ^^ Straw- 
berr3r.'? At the present time water from the South Fork of the 
Stanislaus and tne ^' Strawberry " reservoir is running in what is 
known as the ^^ Philadelphia Ditch," at the rate of 50 second-feet, 
which spills from a height of 1,860 feet at Spring Gap into the 
•Middle Fork of the Stanislaus River, and is diverted at the Sand Bar 
Dam into the present flume leading to the Stanislaus power station. 
It is proposed to put a power station at the foot of this present spill- 
way near Bakers Crossing to contain a 9,000-kilowatt generator, and 
later, when the size of the ditch has been increased to accommodate 
100 second- feet, to add another 9^000-kilowatt unit at this station, 
thus giving 18,000 kilowatts additional hydro development. At the 
same time an increase in the capacity of the penstoclis at the Stanis- 
laus power station will gain 7,000 kilowatts which is now lost in 
friction head. This will make available the total installed capacity 
of 40,000 kilowatts at the Stanislaus power station. 



8TBA1C. 



There is also contemplated, in connection with the North Beach 
steam station of the company in San Francisco, an increase in the 
boiler capacity so as to make the three 9,000-kilowatt units at present 
installed available for full operation. The cost of these additions 
will approximate $3,000,000 and will take from one year to three 
years tor the completion of the individual details. 

34. The details of these developments are shown in the following 
Table III. 



Table III. 


— Developments on 


tJie Sierra d San Fra/nciaco Power Co. 


Location of devel- 
opments and year 
of completion. 


Gharaoter of develop- 
ment. 


kflowatt 
hoars per 
annum. 


Cost esti- 
mated. 


Barrels 

Of on 

equlvap 

1^ at 200 

kilowatt 

hours per 

hanet 


Valneat 

loentper 

Idlowatt 

hour. 


Percent 

retain on 

invest- 

ment. 


Spring Oap No. 1, 
lyear. 


18,000 kilowatt. 20-mUe 
line to Stanislaus and 
first 9,000 kUowatt 
generator. 

Second 9,000 kilowatt 
generator, transfer 
Une, Stanislaus to 
Miantoca. 

Increase Philadelphia 
ditch to 100 second* 
feet. 

Add new pipe line at 
plant to reduce fric- 
tion loss. 

Sreot dam at Big Dam 
16.700 acre-feet. 

4,500 horsepower in boil- 
ers to be added to give 
11,000 kflowatts. 


149,000,000 


1790,000 


245,000 


8163,833.00 


2L81 


Spring Oap No. 2, 
2} years. 


49,000,000 
1 10,710,000 

68,710,000 


400,000 
200,000 

40,000 










t 




1 

1 




••«•■...•• 






StaaisUuu plant.... 
Hfar dam . ... 


16,000,000 


640,000 
126,000 

760,000 
200,000 

B 246, 600 


843,500 
75,000 


220,030,00 
60,000,00 


35.8 

4ao 


North Beaeh, San 
Franeiaoo. 


124,000,000 


4 120,000 


80,ooaoo 


40.0 












Total 


182,710,000 


2,711,000 


663,600 
120,000 


622,860.00 


19. as 










•543,500 





1 62 per cent load factor. 

< Stanlalaas, due to 50 seeood-feet added at 50 per cent load ftietor' 

I At 25 per cent load tactar. 

* Added barrels. 

•Net. 
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FUEL OIL USED BY PACIFIC GAB & ELBGTBIC CO., QBBAT WESTERN POWER CO., AND 

SIERBA * SAN FRANCISCO POWER CO. 

35. It is of interest to record the amount of fuel oil used during the 
year 1918 and the kilowatt hours developed by the steam plants of 
the three companies. Table lY shows this in detail : 

Table IV. — Table ahotoinff the harreU of M used and hUatoatt liours generated 
by 9team during 1918, and kilowatt hours available by development. 



Company. 



PBcifloOas4& Electric Go 

Oreat Western Power Co 

Sienna A Ban Francisco Power Co 

Total 



Kllowfttt hours 
generated by 

steam 
(estimated). 



813,000,000 
92,500,000 
71,700,000 



476,200,000 



(a) Barrels of oU 
Domed to Deo. 
16, 1018, Inda- 
si ye. 

(b) Estimate tot 
year of 1018. 



1 



a) 1,136,072.15 

1,168,100.86 

a) 468, 547. 00 

472,630.00 

a) 803, 575. 00 

(b) 406,473.00 



/ (a) 1,008,104.15 

i ib)2.r-' 



,047,808.00 



ESlowatt hours 
from new de- 
velopments 
(estimated). 



233,101,700 
190,050,000 
133,710,000 



564,801,700 



564,801,700 
476,200,000 



88,601,700 



1 Surplus; 19.55 per cent excess over kilowatt hoars generated by steam in 1918. 

The kilowatt hours from the proposed new developments will more 
than equal the kilowatt hours generated by steam in 1918. Thus, the 
kilowatt hours from the proposed hydro developments not only can 
be employed to replace much of the steam-generated kilowatt hours 
but also the kilowatt hours required to meet the yearly increase in 
demands for power on the systems* 

36. The ai)proximate total of the three central and seven southern 
companies' oil consumption for 1918 will be around 4,000,000 barrels, 
or 4 per cent of the total output of California fields in 1918, and at 
the average price of $1,55 would equal $6,200,000 for this part of the 
fuel supply for these California companies. The development of 
additional hydro power would cut this expenditure down to a very 
much smaller amount and much of this operating expense would 
cease. 

GENERATING CAPACITY AND MAXIMUM DEMANDS. 

37. Data of the Pacific Gas & Electric Co., Great Western Power 
Co., and Sierra & San Francisco Power Co. for certain conditions 
are given below. 

38. The following tables, Va and Vb, show for each system and the 
total combined systems the surplus kilowatt under the most 
favorable condition of hydro and steam generation, and also the 
most tmfavorable conditions of the generating capacity. In each 
case the actual maximum demand for 1917 and 1918 and the esti- 
mated maximum demands in 1919 and 1920 are deducted from the 
best and the worst possible conditions. The difference shows the 
surpliis and the ddlciency in each case* 



/ 
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Tasle Va. — Paeiftc Oiu <£ Bleetrie Oo. 





Hydro. 


Steam. 


Capacity. 


Dal0. 


High wmter. 


Low water. 


Nonnal 
rattog. 


2 hours 
suMamed. 


Favorable. 


Unakvofable. 




122,600 


90,000 


76,000 


09,000 


197,000 


in,ooo 




JiaxiDtnin 

kilowatto 
deouuid. 


Surplus 

under 

favorable 

osndltfonc* 


Surplus 

under 

unfiiTorable 

eondltions. 




1917 


166,270 
174,100 
191,600 
210,000 


38,780 

22,900 

6,600 

113,000 


18,270 
124,100 
141,600 
160,000 




1018 








1919 








1920 

















> Deficiency. 

Tabub Vb. — Oreat Wettem Potoer Co. 





Hydro. 


Steam. 


Capacity. 


Pate. 


High water. 


Low water. 


Normal 
rating. 


2 hours 
suatalr.ed. 


Favorable. 


Unliavarable. 




70,000 


66,000 


23,950 


21,760 


98,960 


77,710 




Maximum 

kilowatU 

demand. 


Surplui 

under 

faTon^le 

capacity. 


Surplus 

under 

unfavorable 

capacity. 




1917 


76,400 
76,480 
82,600 
87,000 


18,660 

18,470 

11,460 

6,950 


2,360 

2,270 

14,760 

19,260 




1918 








1919 








1930 










^ ^ 







iDefldeney. 

Table Vc. — Sierra d San Francisco Power Co. 



Date. 



Hydro. 



High water. 



36,320 



Maximum 
kilowatts 
demand. 



1917 
1018 
1919 
1920 



46,270 
40,934 
60,646 
64.646 



Low water. 



10,800 



Surplus 

under 

favorable 

conditions. 



8,060 
0,386 
2,676 



Steam. 



Capacity. 



Normal 
rating. 



17,000 



Surplus 

under 

unfavorable 

conditions. 



2 hours 
sustained. 



114,470 ,. 
116,134 ,. 
119,846 . 
123,846 '. 



1 Deflcienry. 



20,000 



124,000 



Favorable. 



63,320 



Unfiavonible. 



30,800 
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Table Yd. 



Date. 



CknabinatioD of tfane oompttiies. 



Capacity 



Iffaxhnam 
deniand. 



1917. 

19IS, 
1919. 
1920, 



278,940 

296,514 
824,645 
351,645 



Favorable. 



344,270 



Surplus un- 

der»vorable 

coDditi<ms. 



65,330 

47,756 
19,025 
17,375 



Unlaroiable. 



258,550 



Surplus un- 
der unfavor- 
able condi- 
tions, 100 per 
cent. 



120,390 

127,964 
166,096 
198,096 



Bemarks. 



No diversltv 
oons^derea. 
Do. 
Do. 
Do. 



1 Deficiency. 

39. In Table Vd, which is the summary of the individual coliunns, 
there is shown to be in 1919 under the most favorable conditions ana 
without taking into consideration the diversity between the three 
systems a surplus of 19,625 kilowatts, which is only 6i per cent of the 
total maximum demand, and under the very worst conditions that 
would obtain in that year, on the assumption that the water is low 
and every bad condition is coincident there would be a deficiency of 
66,095 kilowatts. In 1920 the conditions are even worse unless addi- 
tional equipment is provided. Actual conditions that will obtain 
lie somewhere between the most favorable and most unfavorable, 
and it must be clearly understood that the most unfavorable condi- 
tions will probably never exist. 

40. The deficiency in power during the last year approximated 
25,000 kilowatts for safe operating, and as the normal groAvth is 
between 20,000 and 25,000 kilowatts there is great need for increased 
generating capacity. Besides there is the further need for the re- 
placement of the use of fuel oil by hydroelectric development, and 
this should be carried out at the rate of about 50,000 kilowatts per 
annum until the oil-generated power is reduced to a safe and eco- 
nomical value. 



ITOBTHERN AND CENTRAL DEVEIX>PMENTS NOT IN WAB-TIME PROGRAlf. 

41. Besides the previous developments, which are recommended on 
the basis of a war-time program, there are many other available 
hydropower developments, some of which have been carefully con- 
sidered, but they have not been thought sufficiently worthy of recom- 
mendation on the basis of war-time service. Among these might be 
mentioned the projects on the Big Bend of the Pitt River, of the 
Pacific Gas & Electric Co., and the Northern California Power Co.; 
the Fall River development, between Fall River and Pitt River, and 
also the various smaller projects on the Pitt River and its tribu- 
taries : the additional developments on the North Fork of the Feather 
River, owned or controlled bv the Great Western Power Co., the 
first project in connection with the Hetch Hetchy water supply, 
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which will take approximately three years to develop; and other 
smaller developments which can be secured on the I*acific Gas & 
Electric Co.'s system in the central part of the State, 

42. The cost of the developments on the Pacific Gas & Electric 
Co., Great Western Power Co., and Sierra & San Francisco Power 
Co. will be, respectively, $74200,300, $6,000,000, and $2,710,000, mak- 
ing a total of $15,910,300. 

PITT RIVER POWER CO. 

43. An entirely new project, which was carefully investigated, is 
now known as tne Pitt Kiver Power Co., and is intended to develop 
power at two locations on the lower Pitt River by the construction 
of two dams, each giving a first possible development of about 32,000 
kilowatts. Favorable recommendation was given to this project, as 
its development could be secured at a reasonably early date. 

44. This power project at 60 per cent load factor will give, with 
82,000 kilowatts installed at the lower dam site, an output of ap- 
proximately 168,000,000 kilowatt hours per annum, ana with the 
two installations will give approximately twice this amoimt. This 
power will either have 'to fee delivered to the general network 
through contractual relationships or delivered by its own trans- 
mission line to the industrial centers as far as San Francisco. 

46. The cost of each one of these developments will be approxi- 
mately $3,000,000 or $6,000,000 total without transmission lines, and 
they will take approximatelv two and one-half years to build. Sur- 
veys are being made on tnese projects, and they appear at this 
moment to be the only hydro developments on which any progress 
is being made. 

SOUTHERN DEVELOPMENTS. 

46. There are developments contemplated by the Southern Cali- 
fornia Edison Co. and the Southern Sierras Power Co., as well 
as by the San Joaquin Light & Power Corporation. The city of 
Los Angeles contemplated the development of approximaely 21,(X>n 
kilowatts in connection with their aqueduct at Rant No. 2. With- 
out considering the latter project, tne total additions to the sys- 
tems approximate a cost of $48,000,000, and, so far as the investi- 
gations ^o, it is probable that all of this power can be easily ab- 
sorbed within two years after development. 
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Program of Southern California Edison Co. developments. 



Installation of additional unit at Big Creek No. 2 
(short pipe line from end of 42-inch section to power 
house ) 

Diversion of Pitman Creek into Huntington Lake, 
Increasing water supply for existing plants 

Contlngenaes on items 1 and 2 

Completion of Kern River No. 3: 

Power plant , 

Transmission line , 

Substation at Magunden 

Development of ffliaver Lake for use in Big Creek 
No. 2: 

Shaver L ake 

Additional unit in Big Creek No. 2 

Development of Big Creek No. 3 to use Huntington 
lAke, Pitman and Shaver Lake water 

Total , , 



Approxi- 
mate esti- 
mated costs. 



Kilowatt 
hour to 
be in- 
stalled. 



Kilowatt 
hour out- 
put. 



$1,050,000 

800,000 
150,000 



5,000,000 

1,000,000 

500,000 



6,500,000 



2,500,000 
1,500,000 



4,000,000 
7,000,000 



20,000,000 



16,000 



30,000 



16,000 
51,000 



20,000,000 
30,000,000 



180,000,000 



75,000,000 



Time to con- 
struct. 



18 months, 
15 months. 



18 months. 



2 years. 



200,000,000 I 2 years. 



113,000 506,000,000 



SOUTHBRN 8IERSA8 POWBB COMPANY DBVSLOPMENTB. 

47. This company has a program of development, which has been 
carefully compiled^ intended to meet the growing load on its extended 
system. The conditions which have obtained and now exist are set 
forth in the following table : 

The Southern Sierras Power Co. 

PLANT FACILITIES. 



(I) Hvdroelectric: 

Biihop Creek Vo. 2 

Bishop Creek ^o. 3 

Bishop Creek Vo. 5, Tiyo Co, 

Bishop Creek No. 6 

BlshdJ) Creek No. 4 

Mill Creek Mono Co 

Silver Lake Euck Creek 



Total hydro. 



(2) Steam plants: 
San Bernardino. . . 
£1 Central (steam). 
ElCantralCgas)... 



Total steam and gas. 



A. 



Klio volt- 

amt>erep, 

normal 

rating. 



6,oee 

6,750 
1,500 

2,oee 

0) uuu 

3,080 

10,000 



B. 



C. 



Maximum 
capacity, 
15 minute 

peak 
kilowatts. 



35,250 



11,250 
250 
750 



12,250 



5.800 
6,900 
1,650 
1,750 
6,000 
8,000 
10,000 



35,100 



8,000 
250 
650 



8,000 



Hi^Nwater 
kilowattB. 



5,«00 
6,000 
1,680 
1,760 
6.000 
3,000 
10,000 



35,100 



D. 



Lnw-wat4sr 
kilowatts. 



14,000 



400 
10,000 



24,400 



Total: Kilo volt-ampere 

A-landA-2 4r,6f0 

B-landB-2 44,000 

I>-landB-2 83.800 



7103—21- 



-20 
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MAXIMUM DEMAND. 



Date. 



Sept. 23, 1913 

Aug. 17, 1914 

Oct. 7,1915 

Sept. 22, 1916 

July 17,1917 

June lo, 1918, to Sept. 1, 1918, only 

1919 

1920 



Amount In 
kilowatts. 



15,740 
20,250 
22,120 
22,600 
28,600 
28,600 
34,500 
39,500 



Favorable 
capacitv, 

44,000 
kilowatts 
(excess). 



15,400 

15,400 

0,500 

4,500 



I'nfav-or- 
abie capac- 
ity, 33.300 
k^owatts 
(excess). 



4,700 

4,700 

M,200 

16,200 



1 Deficiency. 
Average connected kilowatt per kilowatt of demand, 1.43. 

SAN JOAQUIN UGHT & POWER CORPORATION DEVBLOPMENT8. 

48, This company is working with a very small reserve as shown 
in the following Table VI, and has worke(i out a building program 
covering the next four years which should materially assist m assur- 
ing them greater protection and at the same time care for the heavy 
increase in the loads which are clearly anticipated. 

Table VI. — San Joaquin lAght d Power Corporation, 

PLANT CAPACITIES. 



(1) Hydroelectric: 

Ciane Valley 

San Joaquin No. 3 

San Joaquin No. 2 

Son Joaquin No. 1-A.... 

San Joaquin No.l 

Tule River 

Kem River 

Merced River 

KittredgD 

Total hydro 

(S) Steam plants: 

BakersSeki 

Betteravia 

Fresno 

Total steam 

Total hydro and steam 



Normal 

rating 

kilowatt. 



B 



m^-water 

maximum 

capacity 

4-hour 



1,000 

2,000 

3,000 

425 

16,000 

6,000 

3,7fi0 

500 

875 



33,060 



11,250 

2,000 

750 



14,000 



47,050 



1,000 

2,400 

2,250 

425 

18,000 

4,500 

3,300 

500 

876 



82,750 



t 11,250 

12,000 

»760 



14,000 



46,750 



AveiBce 

eapadty 

month of 

normal 

y«ar. 



965 

9,400 

2,115 

305 

18,270 

1,200 

3,200 

50 

50 



Peak 
capacity 
month of 
extreme 
low year. 



28,665 



14,000 



87,665 



29,000 



14,000 



43,000 



Overload oapadty. 
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MAXIMUM DEMAND-€APACITIES AND SURPLUS. 



Date. 



September, 1018 
^^ptember, 1919 
September, 1600 



Amount in 
kilowatts. 


Condition 

B 

46,760 

kilowatts. 

12,750 

4,750 

I 3,250 


Condition 

C 

37,665 

kilowatts. 


34,000 
42,000 
50,000 


3,665 

» 4,335 

> 12,335 



Condition 

D 

43,000 

kilowatts. 



9,000 

1,000 

17,000 



1 Deficiency. 

49. This company's lines are connected to the system of the South- 
ern California Edison Co. at a number of points. 

CAUFORNIA-OREGON POWER CO. 

50. The California-Oregon Power Co., in the northern part of 
the State, has no shortage, but has a disproportionate excess of 
power. Arrangements have been consummated for the electrical 
connection of its system to that of the Northern California Power 
Co., so that 8,600 kilowatts can be delivered to the latter company 
and the same amount, by displacement, can be delivered by the 
Northern California Power Co. to the system of the Pacific Gas 
& Electric Co. at Colusa Comers. This was discussed and arranged 
for nearly a year ago (winter of 1918), when shortage of power was 
anticipated bj^ the Pacific Gas & Electric Co. About January 8, 1919, 
this series of connections was completed to the extent that 4^500 kilo- 
watts could be delivered to the Pacific Gas & Electric Co. The Cali- 
fornia-Oregon Co. can develop 12,500 kilowatts at a No. 2 station on 
the Klamath River, a short distance below their present Copco plant, 
by an expenditure of about $1,541,000, but have no market for this 
power unless further amounts can be sent southward to the system 
of the Pacific Gas & Electric Co. over the Northern California Power 
Co.'s system. The item is included in the following Table VII : 
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INTEBCONNBCTIONS. 

51. At the present time there exist many interconnections between 
the companies in and about the bay district so that they can ex- 
change power between their systems. These are shown in the fol- 
lowing list : 

Existing interconnections. 
I. In the bay region: 

1. Pacific Gas & Electric Co. and Great Western 5, 000 kw. at 11, 000 v. 

Power Co. at Oakland * 12, 000 kw. at 60, 000 v. 

2. Pacific Gas & Electric Co. and Sierra & San 

Francisco Power Co. in San Francisco — 

a. Bay Shore— Martlu 10, 000 kw. at 11, 000 v. 

b. North Beach— Station F 15, 000 kw. at 11, 000 v. 

c. MarUn— Bryant Street taken out— 4, 000 kw. at 11, 000 v. 

d. Martin — Geneva now in Nov. 29, 

1918 - 4, 000 kw. at 11, 000 v. 

3. Great Western Power Co. and Sierra & San 

Francisco Power Co. — 

Tie line connecting steam plants 9, 000 kw. at 11, 000 v. 

The last connection is temporarily out 

of service, due to the absence of 

switching equipment at the Sierra 

end. Not now in Nov. 29, 1918. 

II. In other parts of northern and central California : 

1. Pacific Gas & Electric Co. and Snow Moun- 

tain Water & Power Co. at Santa Rosa *— 6, 000 kw. at 60, 000 v. 
Nov. 29, 1918, Great Western Power 
Co. and Snow Mountain Co. at Santa 
Rosa kw. at i- 

2. Pacific Gas & Electric Co. and Western 

States Gas & Electric Co. at Folsom 3, 000 kw. at 60, 000 v. 

3. Great Western Power Co. and Western States 

Gas & Electric Co. at Folsom 1, 000 kw. at 22, 000 v. 

4. Sierra & San Francisco Power Co. and West- 

ern States Gas & Electric Co. at Manteca- 2, 000 kw. at 30, 000 v. 

5. Pacific Gas & Electric Co. and Western 

States Gas & Electric Co. at Stockton \ *__ 2, 000 kw. at 2, 200 v. 

6. Pacific Gas & Electric Co. and Northern Cali- 

fornia Power Co. at Chico* 10, 000 kw. at 60, 000 v. 

7. Northern California Power Co. and Western 

States Gas & Electric Co. at Junction City * 3, 000 kw. at 60, 000 v. 

8. Pacific Gas & Electric Co. and Coast Counties 

Gas & Electric Co.— 

At Davenport 2, 250 kw. at 24, 000 v. 

At Morean Hill 3, 000 kw. at 24, 000 v, 

9. Sierra & San Francisco Power Co. and Utlca 

Gold Mining Co. at Angeles Camp* 1, 000 kw. at 17, 000 v. 

10. There Is, at the present time, under con- 
struction between the Sierra & San Fran- 
cisco Power Co. and the Coast Counties 
Gas & Electric Co. at San Juan * 3, 000 kw. at 24, 000 v. 

NEW INTERCONNECTIONS RECOMMENDED. 

52. An additional interconnection is recommended between the 
Sierra & San Francisco Power Co. and the Pacific Gas & Electric Co. 
near Mission San Jose. 

53. This would call for the Pacific Gas & Electric Co. temporarily 
to terminate its Wise line at Mission San Jose, and step-down at 

^ These Interconnections are in daily service. 
'WIU be increased. 
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that point from 100 to 50 kilo volts. This should be completed at 
as early a date as possible. Then by the construction of a branch 
100-kilo-volt line from Mission San Jose to connect with the main line 
of the Sierra & San Francisco Power Co., distant approximately 1 
mile, a connection will result between the two systems of sufficient 
capacity to meet all present requirements. 

54. It is also extremely desirable for the companies to arrange for 
so complete interconnection of the steam stations, both in San Fran- 
cisco and Oakland, that there would be need for only one steam sta- 
tion of sufficient capacity to take care of the breakdown service, 
regulation, and the short-time peaks on the three interconnected sys- 
tems. With the present high price of oil and labor the writer be- 
lieves that economies can be secured which would be extremely de- 
sirable. 

REGULATIONS OF DEPARTMENTS OF AGRICULTURE AND 

INTERIOR. 

55. The writer has made a careful study of the regulations and 
rules and laws of the Departments of Agriculture and Interior in so 
far as they relate to hydroelectric development and control. The 
opinions in regard to the effect of the present rules and regulations 
and stipulations differ so widely that it is almost impossible to de- 
termine what changes in the present laws, or what recommendations 
as to alterations in pending legislation, will make for the more rapid 
development of hydroelectric power. Certainly the main ideas 
that are undesirable are the revocable permit, the definite franchise 
stipulation, the matter of just compensation, and the power to be 
exercised over the complete operations of the company as to conduct 
and rates. These appear to be the crucial points in all the present 
and proposed legislation in regard to the power companies. If these 
can oe corrected, the writer believes that the financmg of the com- 
panies and the development of water power can be much more readily 
secured. 
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